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wv HISTORY, DISTRIBUTION, RACES, AND DISEASE CYCLE OF 
XANTHOMONAS MALVACEARUM IN CALIFORNIA! 


W. C. Schnathorst, P. M. Halisky, and R. D. Martin 


Summary 


Angular leaf spot of cotton was found in California in 1912 and 1929 but did not be- 
come permanently established until 1951. There appear to have been at least four sep- 
arate introductions of the disease into the State. The disease is confined chiefly to the 
western part of the San Joaquin Valley in central California and is associated with over- 
head sprinkler irrigation. Eleven isolates of the causal bacterium, obtained from sep- 
arate field collections and tested on host differentials, all appear to be Race 1 of Xan- 
thomonas malvacearum. The distribution of the disease suggests that contaminated 
planting seed is involved in its spread, Other evidence indicates that cotton gins may 
be sources of contamination of otherwise disease-free planting seed. Acid-delinting 


of cotton seed proved effective in removing externally seed-borne infestations of X. 
malvacearum, 


Angular leaf spot of cotton incited by Xanthomonas malvacearum (E. F. Sm.) Dow., is 
world-wide in distribution and usual wherever cotton is grown (7, 17). The most recent world- 
distribution map of X. malvacearum (8) does not indicate its presence in California, seemingly 
because of the lack of published records. This paper reports on occurrence of the disease in 
this State, its history, its distribution, the races present, the disease cycle in California, rea- 
sons for its recent increase, and possible measures of control. 


HISTORY IN CALIFORNIA 


Angular leaf spot in California was first observed in October 1912 by R. L. Piemeisal, at 
Bard, Imperial County, in southern California2, It was not observed again until August 1929, 
when F, W. Herbert and O. F. Cook found it on seedlings at the U. S. Cotton Field Station, 
near Shafter, in central California. In both instances the disease was apparently introduced 
on imported seed. There has been no record of it at the U. S. Cotton Field Station since 1929. 
In September 1951, however, the disease was found near Caruthers, Fresno County, in central 
California2, Since then the disease has occurred each year in various parts of the San Joaquin 
Valley of California. Evidence that the pathogen was reintroduced in 1959 was obtained when 
seed of a variety other than Acala 4-42 was planted in the restricted "one-variety" area of the 
State. Angular leaf spot developed on the imported variety and spread to adjacent Acala plants. 
Thus, there appear to have been at least four well-documented instances of introduction of the 
pathogen into California. 

Manifestations of the disease in California are the same as elsewhere. The circular trans- 
lucent lesions on cotyledons, angular lesions on leaves, systemic infection of leaves, black arm 
phase on the stems, and boll rot have all been observed (Fig. 1). 


DISTRIBUTION OF ANGULAR LEAF SPOT 


Cotton disease surveys were conducted in 1951-1959 in the San Joaquin Valley. The most 
extensive surveys were in 1956-1959. Most of the occurrences recorded in the distribution map 
(Fig. 2) were observed in 1957-1959. The disease is presently confined to five counties: Fres- 
no, Kern, Kings, Madera, and Tulare. It has not been observed in the southern cotton-growing 
areas since the original observation in 1912. 

In 1951 angular leaf spot recurred inthe San Joaquin Valley; since then, it has been concentrat- 
ed on the western slopes of the valley thoughit has recently spread to other parts of the valley 
(Fig. 2). Sixty-six occurrences have been recorded since 1951, 


‘Contribution from the Crops Research Division, Agricultural Research Service, United States De- 
partment of Agriculture; Department of Plant Pathology, University of California, Davis; and Cali- 
fornia Planting Cotton Seed Distributors, Bakersfield, California. 

2Pergonal correspondence between Drs. G. L. Stout, Bureau of Plant Pathology, California State De- 
partment of Agriculture, andJ. B. Kendrick, Sr., Department of Plant Pathology, University of Cali- 


fornia, Davis, October 16, 1951. Records obtained from State Department of Agriculture card-index 
files. 
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FIGURE 1. Symptoms of bacterial blight on Acala 4-42 cotton in California. 
A -- angular leaf lesions; B -- systemic leaf infection; C -- lesions on cotton 
bolls; and D -- lesions on cotton stems known as black arm, 


The higher incidence in the western San Joaquin Valley is correlated with widespread use 
of sprinkler irrigation there. In the eastern portion of the valley most of the fields are furrow- 
irrigated. 

Each occurrence of the disease but one on the map (Fig. 2) is associated with sprinklers. 
The exception was a furrow-irrigated field flooded by heavy rains when the seedlings were a- 
bout 2 inches high. In addition, the grower had soaked the seed to hasten germination. The 
high incidence (32%) strongly suggests that the seed was inoculated during soaking by infested 
seed in the seed lot. 

Sprinkler irrigation for cotton in the San Joaquin Valley is a fairly recent innovation. In 
the early 1940's sprinklers were introduced into the western portion of the valley. Sprinklers 
are becoming more common elsewhere in the valley because growers feel that the water use is 
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BAKERSFIELD 


FIGURE 2. Distribution map of angular leaf spot of cotton 
in California 1951-1959, The blackened areas on the small 
map represent the cotton-growing regions in California. The 
enlarged map shows the distribution of the disease in the cen- 
trally located San Joaquin Valley. Each dot represents a sepa- 
rate occurrence. The open circle indicates the approximate 
point of disease origin in 1951. 


more efficient and cotton yields are often improved. Thereis, consequently, a growing concern 
that the incidence of angular leaf spot may be increased. 


RACES OF XANTHOMONAS MALVACEARUM 


One of the best methods of controlling angular leaf spot is the growing of resistant varieties. 
A breeding program, however, requires knowledge of the race or races of the pathogen present. 
In 1954 Hunter and Blank (11) demonstrated two pathogenic types of X. malvacearum in the Unit- 
ed States on the basis of varietal reactions. In 1955 the nomenclature subcommittee designated 
these two pathogenic types Race 1 and 2 (13). Race 1 is the more prevalent; Race 2 is present- 
ly limited to portions of New Mexico and Texas. Studies on races in other parts of the world 
were reported by Brinkerhoff (3). 

Because of evidence of repeated introductions of cohtaminated cotton seed, it was felt that 
both races might be present in California. In 1959 infected leaves were collected from nine 
widely separated fields in western San Joaquin Valley. X. malvacearum was isolated from all 
collections, Table 1 lists the cotton differential varieties used and their reactions to the two 
races of the pathogen. Acala 4-42, the predominant California variety, was used as an addition- 
al susceptible check. Inoculum was prepared by growing the organism for 3 days on slants of 
potato-dextrose-peptone agar plus 0.1% CaCO3, flooding the slants with 15 cc of sterile distilled 
water, and suspending the bacteria by scraping with a sterile glass rod. A sterile DeVilbiss 
atomizer was used to spray the bacterial suspension onto the leaves. The leaves were sprayed 
to run off, primarily on the under surface. The inoculations were made between 10:00 and 
11:30 a.m., when the stomates in cotton leaves are open (18). Two 7-week-old plants of each 
differential were separately inoculated with each bacterial isolate. The plants were covered 
with a polyethylene bag internally atomized heavily with sterile distilled water to produce a 
high relative humidity. The polyethylene bags were held in place with a rubber band on the rim 
of each pot. Plants were kept in a greenhouse with an average temperature of 80° F (26°C). 
Symptoms were evident in 12 days, but the differential reactions were not determined until 21 
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Table 1. Differential reaction of three cotton varieties 
to Races 1 and 2 of Xanthomonas malvacearum, 


Variety Race 12 Race 22 
Mebane Bl - to + - 
Stoneville 20 - +++ 
Texas S-9 +++ 


a- indicates no infection; + indicates susceptibility, in- 
creasing with each additional +. Reactions are based in 
part on the Report of the Nomenclature Subcommittee (13) 
and correspondence with Dr. John Presley, Plant Industry 
Station, Beltsville, Maryland. 


days had elapsed, Reactions were recorded again 56 days after inoculation, 
All nine bacterial collections were Race 1. The isolate that produced the disease in 1951 
and one from the 1959 introduction were also identified as Race 1. 


DISEASE CYCLE AND CONTROL 


Massey (12) showed that X. malvacearum survived on plant remains and infected the suc- 
ceeding crop. Several workers (4, 9, 10, 15) have shown that the pathogen is seed-borne, and 
Tennyson (16) demonstrated actual entrance into the seed. The bacterium has been recovered 
from year-old dried leaves, stems, and bolls of Acala 4-42 cotton stored in this laboratory and 
from seed taken from infected bolls. Ark (1) isolated the pathogen from dried leaves held in his lab- 
oratory for 6 years. 

In 1958 the number of cotton fields with angular leaf spot in the San Joaquin Valley increased 
three- to four-fold. Some of the fields involved had been out of cotton production for several 
years, one for as long as 12 years. The evidence from one field strongly suggested that the 
planting seed was contaminated. Since all planting seed used in the San Joaquin Valley is sup- 
posedly free of X. malvacearum, an effort was made to determine any sources of contamina- 
tion. 

In California, planting seed is taken only from fields that are furrow-irrigated according 
to the specifications of the California Planting Cotton Seed Distributors organization. A few 
fields are contracted for seed in the blight area in western San Joaquin Valley. Some of the 
cotton gins in this area gin both planting seed and seed from sprinkled fields that may have 
angular leaf spot. To reduce the chances of contamination of planting seed, a policy was adopt- 
ed of ginning the planting seed first. Any contamination of planting seed would spread the dis- 
ease widely, for planting seed of some companies is often bulked before distribution, and plant- 
ed in fields scattered throughout the entire valley. Contamination would be detected only if the 
grower used sprinklers, soaked the seed before planting, or encountered heavy rains after seed- 
ling emergence. 

Attempts were made to demonstrate the presence of the pathogen in gins that handled cotton 
from blighted fields. Samples of plant refuse and seed were taken primarily from augers of the 
inclined cleaner, gin stand, and feeder cleaner in several gins’, Since some growers use the 
refuse from the gin piles for fertilizer, samples were also taken from the gin piles. 

A method of detection was devised that gives every advantage to the pathogen. Fifty-gram 
samples of the refuse and seed or refuse alone from the various portions of gins were soaked 
18 hours in 500 cc of sterile distilled water. Fifty disease-free, acid-delinted Acala 4-42 seed 
were placed in containers with each sample. The refuse, seed, and suspensions were placed 
in large seedling pots in the greenhouse (80° F). Several weeks later, observations for the dis- 
ease were made, 

Angular leaf spot developed when healthy seed was soaked in water suspensions of cotton ref- 
use or refuse and seed from augers in the inclined cleaner, and gin stand (Table 2). The dis- 
ease did not develop when seed was soaked in suspensions of refuse taken from the gin refuse 
pile or the auger of the feeder cleaner (Table 2). 

Primary infections of cotton in California have been traced to seedlings arising from infest- 
ed seed. Since there is little rainfall in the San Joaquin Valley, decomposition of plant refuse 


3The authors are indebted to Marvin Hoover, Extension Cotton Specialist, University of California, 
for his help in making these collections. 
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Table 2. Recovery of Xanthomonas malvacearum from refuse taken 
from various places in cotton gins in central California. 


Number of Number of gins from 
Source of refuse gins sampled which pathogen was 
recovered 
Auger inclined cleaner 3 2 
Auger gin stand 3 2 
Auger feeder cleaner 1 0 
Gin refuse pile 1 0 


is negligible, and debris probably constitutes an important reservoir of the pathogen. Under 
California conditions, the pathogen carries-over in virtually 100% of the fields with a history 
of the disease. Planting contaminated seed appears responsible for the occurrence of the dis- 
ease in fields far-removed from those with high incidence of the disease, in fields that have 
been out of cotton production for many years, or on virgin soils. The pathogen is disseminated 
within a cotton field by sprinklers, and a field with only afew diseased plants can become heavi- 
ly damaged as the summer progresses. 

Use of acid-delinted seed has been recommended as a control measure for many years (2, 
4, 5, 6, 14); tests in our laboratory have borne this out. Of 600 seed from severely infected 
bolls (by California standards), half were acid-delinted in concentrated sulfuric acid for 15 min- 
utes and half were untreated. Both lots were then soaked 18 hours in sterile distilled water to 
enhance infection and were then planted in sterile soil. No angular leaf spot developed in the 
acid-delinted lot, whereas 10% of the plants from the untreated seed were infected. The re- 
sults indicate little or no internal infection of cotton seed under California growing conditions, 
possibly because the boll-rot phase of the disease is usually not severe, The reason is prob- 
ably low humidity and lack of rain before and during harvest. 


DISCUSSION AND CONCLUSIONS 


The major factor contributing to establishment of angular leaf spot of cotton in California 
appears to be sprinkler irrigation. The distribution pattern of the disease as of 1959 (Fig. 2) 
strongly suggests that infested seed is involved. Several fields of cotton showing angular leaf 
spot for the first time in 1958 were planted with seed from a single source. Since the pathogen 
may remain viable in cotton debris in cotton gins to infest new seed lots ginned in the following 
season, it is recommended that only gins handling seed from disease-free areas be allowed to 
process planting seed. Some contamination of planting seed by means of contaminated lint also 
could occur when the seed is mechanically delinted. 

Most of the seed planted in the San Joaquin Valley is mechanically delinted. If irrigation is 
by sprinkler, planting seed should be acid-delinted and also should be treated with an organic 
mercury. Deep plowing plus the addition of moisture is recommended to bring about decompo- 
sition of infested debris and destruction of the pathogen. 
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LEAF SPOT OF PEANUT IN GEORGIA CAUSED BY LEPTOSPHAERULINA ARACHIDICOLA! 


E. S. Luttrell and L. W. Boyle 


Summary 


The Ascomycete Leptosphaerulina arachidicola, described as the cause of leaf 
scorch of peanut in Taiwan in 1956, has been isolated from peanut leaves from six 
counties in Georgia. Results of inoculations indicate that this fungus is potentially 
capable of causing severe infection of peanut, producing symptoms ranging from leaf 
fleck to scorch. 


In 1956 Yen, Chen, and Huang published a description of a new disease of peanut in 
Taiwan under the name leaf scorch. They attributed this disease to an Ascomycete which they 
described as Leptosphaerulina arachidicola Yen, Chen, & Huang. A similar fungus was iso- 
lated from peanut leaves collected at Experiment, Georgia (No. 1325) in October 1958. In 
August 1959, the same fungus was obtained from peanut leaves from Baker (No. 1357), Stewart 
(No. 1344), Sumpter (No. 1343), Thomas (No. 1345), and Tift (No. 1356) counties in south 
Georgia. To determine their identity and pathogenicity the Georgia isolates were compared 
with a culture of L. arachidicola from Taiwan (No. 1337) sent by K. T. Huang, Provincial 
College of Agriculture, Taichung, Taiwan, on March 3, 1959. 


SYMPTOMS 


Symptoms as determined from artificially inoculated peanut seedlings (Fig. 1) varied from 
a leaf fleck or pepper spot to a leaf scorch resembling that described in Taiwan. Pepper spots 
were dark-brown lesions rarely 1 mm in diameter but usually smaller, ranging downward to 


FIGURE 1. Pepper spot and leaf scorch symptoms produced on peanut leaves by 
Leptosphaerulina arachidicola, Upper three leaves from artificially inoculated seed- 
lings. Lower two leaflets from naturally infected plants in Taiwan. 


i Journal Series Paper No. 382, Georgia Experiment Station, Experiment, Georgia. 
2Yen, J., M. J. Chen, andK. T. Huang. 1956, Leaf scorch of peanut (anew disease). J. Agr. 
Forestry (Taiwan) 10: 1-24, (Chinese; English summary). 
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tiny pin-point necrotic flecks. The lesions were sometimes circular but usually even the 
smallest spots were irregular in shape. When such spots were numerous, they formed a dif- 
fuse net blotch and resulted in death of the entire leaflet. On some leaves the lesions enlarged 
and became pale brown with dark brown irregular margins. Enlargement and coalescence of 
these spots produced irregular scorched areas in the centers or margins of the leaflets. 

Symptoms observed in the field were confused by the common occurrence on the same 
leaves of Cercospora leaf spots in various stages of development. The common symptom ap- 
peared to be pepper spot. To confirm the diagnosis it was necessary to place the spotted 
leaves in a moist chamber until the characteristic ascocarps of the fungus developed or to make 
isolations from the lesions. 

According to Yen, Chen, and Huang, the earliest symptoms of leaf scorch are yellow 
spots, usually produced along the leaf margin. When the lesion becomes 3 to 5 mm in diam- 
eter, the center changes from yellow to brown. The lesions gradually enlarge until the whole 
leaf blade is involved. The surface of old lesions is roughened by the numerous ascocarps of 
Leptosphaerulina arachidicola immersed in the dead tissue. Although this course of develop- 
ment has not been observed in Georgia material, the final appearance of the scorch lesions 


produced by inoculations with the Georgia isolates resembles that of the scorch lesions on pea- 
nut in Taiwan (Fig. 1). 


THE FUNGUS 


When spotted leaves were picked, allowed to wither and die, and placed on the surface of 
water or on moist filter paper in Petri dishes, the fungus spread rapidly throughout the leaf 
and produced mature ascocarps in less than a week. Ascospores were discharged upward 
onto the lid of the Petri dish in such numbers that they formed a print of the leaf. The fungus 
fruited in dishes in the laboratory exposed to diffuse light. In hot weather better development 
of ascospores was obtained in incubators with fluorescent lights at temperatures between 20° 
and 25° C, 

The ascocarps were immersed, globose, 64-140 pin diameter, with a membranous wall 
composed of pale-brown, polygonal, parenchymatous cells, and provided with a broad pore in 
a raised collar or short cylindrical neck of darker cells. Each ascocarp was filled with a few 
large, thick-walled, saccate, oval, or oblong asci measuring 53-87 x 28-42 ph. Mostoftheasco- 
spores were muriform with 3-5 (usually 4) transverse septa and 2 longitudinal septa, ellipsoid, 
and constricted at the septa. From 16 to 36% of them were phragmosporous and cylindrical. 
Both types of spores occurred in the same ascus, The ascospores measured 23-40 x 10-17 p 
and were hyaline when they were discharged from the asci. Old spores became pale to mod- 
erately dark brown. Leptosphaerulina arachidicola was originally described by Yen, Chen, 
and Huang as having spherical ascocarps 66-80 pin diameter; ovoid asci measuring 56-72 x 
30-32 »; and oblong to ellipsoid, muriform, brown to olive-brown ascospores with 3-4 trans- 
verse septa and 1-2 longitudinal septa measuring 25-33 x 11-16 n. 

The six Georgia isolates and the Taiwan isolate were compared in culture on plates of 
20% V-8 juice agar kept under fluorescent light in an incubator at 20° C. All produced similar 
colonies of dark, appressed mycelium densely covered with spherical black ascocarps. Ob- 
servations on these isolates are recorded in Table 1. 


Table 1. Morphology of Leptosphaerulina isolates in culture on 20% V-8 juice agar (Dimen- 
sions in microns), 


Ascospores 
Iso- Ascocarp Asci : Number % muri- 
late diameter length x width : Length x width Mean septa Mean form 
1325 104-196 64-84x 34-45 27-35x11-15 32.5x13.5 3-5x0-3 4.4x1.7 84 
1337 124-248 56-92x31-39 26-33x 10-14 29.6x12.6 3-4x0-2 3,2x1.6 80 
1343. 101-174 59-90 x 34-42 27-37x11-15 32.4x12.9 3-5x0-2 4.0x1.4 72 
1344 112-216 53-81% 31-39 27-38x 10-15 32.0x13.0 3-5x0-2 3.9x1.4 68 
1345 106-182 62-90 x 31-36 29-37x11-15 32.9x13.0 3-5x0-2 4.0x1.4 68 
1356 92-168 64-101 x 34-42 29-35 x 11-17 32.5x13.2 3-5x0.2 4.2x 1.6 80 
1357 90-174 59-90 x 36-42 27-38x11-15 32.2x12.8 3-5x0-2 3.7x1.5 76 
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For pathogenicity tests, Spanish peanut seedlings were grown in 4-inch pots. Sporulating 
Petri dish cultures of the fungus were inverted over the seedlings on a wire frame and covered 
with a plastic freezer bag for 48 hours. In a series of inoculations in the greenhouse only pep- 
per spot symptoms developed on the inoculated plants, although infection was severe enough to 
result in death and defoliation of many leaflets within a month. Inoculations made in growth 
chambers at 18° and 28° C resulted in more severe infections with symptoms of pepper spot 
and scorch. Flecking of leaves was apparent 2 or 3 days after the cultures were placed over 
the plants, symptoms of leaf scorch were well developed in less than a week, and considerable 
defoliation occurred by the end of the second week, Results of one series of inoculations with 
the six Georgia isolates and the Taiwan isolate are in Table 2. Differences in severity of in- 
fection shown among these isolates are of doubtful significance since greater variation occurred 
among plants inoculated with single isolates. On 16 plants inoculated with isolate No, 1356 
infection varied from a trace of leaf flecking to 100% infection with 69% of the leaflets scorched 
and dead at the end of 2 weeks. A nearly identical range of infection was shown by eight plants 
inoculated with isolate No. 1337. 

In inoculations made by inverting sporulating cultures over detached peanut leaves floated 
on water in Petri dishes typical symptoms failed to develop. On the detached leaflets all iso- 


lates produced mottled purplish areas which ultimately died and allowed the development of 
ascocarps. 


Table 2. Results 2 weeks after inoculations with isolates of Leptosphaerulina on 
Spanish peanut seedlings in the four-leaf stage in a growth chamber at 18° C. 


Number : Percentage of leaflets: 
Isolate of plants : infected dead scorch pepper spot 
1325 2 78 $4 9 25 
1337 2 72 25 0 47 
1343 2 43 0 13 30 
1344 2 75 6 3 66 
1345 2 81 34 13 34 
1356 2 37 6 6 25 
1357 2 47 22 9 16 
Control 2 0 0 0 0 
CONCLUSIONS 


Although the Georgia isolates tended to produce slightly larger ascospores with a greater 
number of transverse septa than the Taiwan isolate of Leptosphaerulina arachidicola, they 
were similar in their most striking morphological character, the production of two distinct 
types of ascospores. All isolates formed both ellipsoid, muriform ascospores and a smaller 
percentage of cylindrical, phragmosporous ascospores. As in the Georgia isolates, the asco- 
spores of the Taiwan isolate were typically hyaline when they were ejaculated from the asci 
and became brown only with age. These isolates were similar also in their pathogenicity on 
peanut. Consequently, the Georgia isolates are referred to L. arachidicola. 

Although Leptosphaerulina arachidicola was first found in Georgia in 1958, its common 
occurrence over the peanut belt here indicates that it has been present in this country for many 
years. It has probably escaped notice because the symptoms it produces are obscured and 
confused by those of the omnipresent Cercospora leaf spots. Inoculations demonstrate that 
L. arachidicola is potentially capable of causing severe infection on peanut. Additional obser- 


vations are necessary to determine the symptomatology of the disease and its distribution and 
importance in the field. 


GEORGIA EXPERIMENT STATION, EXPERIMENT, GEORGIA 
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& DISTRIBUTION AND A MODE OF SPREAD OF CYTOSPORA CANKER 
Q IN AN ORCHARD OF THE PRESIDENT PLUM VARIETY IN CALIFORNIA 


Luigi Chiarappa! 


Summary 


The incidence and distribution of Cytospora dieback in a mature President plum 
orchard revealed an average of 6.4 cankers per tree with the highest incidence on 
limbs exposed to the south. Young 4- to 5-year-old replant trees were found to be 
as severely diseased as older trees and the position of these in the orchard row ap- 
parently had no effect on disease occurrence. Cytospora sp, and few other organ- 
isms were isolated from active canker areas. Differences in pathogenicity were ob- 
served for various strains of Cytospora with only one strain appearing highly virulent. 
Different inoculation methods demonstrated that Cytospora readily invaded fresh cuts 
and that spore infested pruning tools were effective in spreading the disease. 


Trees of the President plum variety (Prunus domestica) are known by California or- 
chardists to be short lived. After reaching an age of 10 to 15 years these trees often "decline" 
rapidly and become severely affected by dieback. This condition, known to occur throughout 
the State, has recently been recognized to be caused by Cytospora spp., tentatively identified 
as C. rubescens Tul. and C. leucostoma Sacc. (8). Consistent association of C. rubescens 
with cankers of commercial species of fruit trees and some ornamentals affected by degenera- 
tion has been established in Utah (10). The existence of differences in virulence of this fungus 
has been observed (5) and demonstrated (11). 

Symptoms of dieback in President plums similar to those described (5, 12) are most 
evident during the growing season when dying of entire branches or branch sections occurs. 
Leaves from diseased trees turn from normal green to a mottled yellow with green bandings 
bordering the main veins. They then dry out and remain attached to the limbs. Infected 
branches show typical collapsed bark areas coincident with the cankers. Often these are ac- 
companied by abundant pockets which split open and release gum. Dark brown cankers are 
seen by removing the outer bark. They extend for various lengths and widths in the sapwood 
and are often preceded by streaks of necrotic tissues extending into areas otherwise appearing 
normal. Cankers which spread around the limb cause girdling and the resultant death of the 
distal portions. 

Little is reported in the literature about epidemiology of the Cytospora canker disease. 
Lewis (7) regarded healthy branches as resistant to fungus attack, while others (8, 11) report 
dieback to be common also in otherwise healthy appearing trees. It is believed that infections 
are initiated in winter killed or weakened limbs (5, 10, 11). Cytospora spp. have been isolated 
from tissues surrounding tunnels of the shot-hole borer (Scolytus rugulosus Ratz.) (8), sug- 
gesting fungus spread by this insect. The oriental fruit moth (Grapholitha molesta Busck) and 
the peach tree borer (Sanninoidea exitiosa Say) are also reported to cause injuries in peach 
trees which later become cankered (12). Pruning wounds outnumber any other form of injury 
during the first 2 to 3 years of orchard history and serve as the main means of fungus entry 
(6, 12). However, small pruning wounds are probably seldom invaded by Cytospora because 
they heal over rapidly (1). 

The purpose of this study was to determine the cause of dieback in three orchards of Pres- 
ident plums and the distribution, incidence and mode of spread of the disease. 


MATERIALS AND METHODS 


Studies were conducted in three orchards of the President plum variety; the New England 
and Dantoni orchards, located near Marysville (Sacramento Valley), and an orchard near 
Arvin (lower San Joaquin Valley, California). Little dieback was observed in the Marysville 
orchards, while the Arvin orchard showed severe disease. The latter was selected for dis- 
tribution and epidemiology studies of the disease and for pathogenicity tests. Ages of trees in 
the 24-acre Arvin orchard varied from 11 to 12 years, 

Diseased branches on each of 1850 trees were recorded as "strikes" when one or more 
shoots were found dead, Strike counts were kept separate according to orientation of the limbs. 
The survey was made during the fall when most of the summer dieback was over and clinging 
1Plant Pathologist, DiGiorgio Fruit Corporation, DiGiorgio, California. 
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dead leaves were a good visible symptom of the disease. 

Isolations were made on potato-dextrose agar (PDA) adjusted at two different pH levels, 
5.6 and 6.7, and all plates were incubated at room temperature. After purification of cultures 
by hyphal tip or by the single-spore method described by Hansen (4), the isolates were identi- 
fied using the key by Barnett (2). 

Pathogenicity tests were run in a manner essentially the same as that reported by 
Treshow et al, (11). Control inoculations consisted of thin plugs of sterile PDA. Limbs to be 
inoculated (1 to2cmindiameter) were selected on vigorous trees showing no disease symp- 
toms. Inoculations were made in August and readings taken after 4 weeks. 

Mode of infection and of fungus spread was studied in several ways. Direct penetration of 
Cytospora into uninjured limbs was tested by spraying spore suspensions on young shoots or 
large limbs which had been previously washed with water and detergent and then surface steri- 
lized with 75% ethyl alcohol. One portion of each limb was left uncovered after spraying, while 
the other was wrapped in moist cotton and sealed with polyethylene. The cover was removed 
after 3 to 8 weeks. Spread through infested pruning tools was investigated by cutting healthy 
limbs with shears which had been flamed and subsequently either immersed in a fungus spore 
suspension or used to cut through active cankers. Pruning wounds made with sterile shears 
served as acontrol. Another method of inoculation consisted of spraying spore suspensions on 
fresh cuts of 1- or 2-year-old limbs. Some of these were immediately enclosed in moist cot- 
ton and polyethylene and the balance left uncovered. Sterile water applied to fresh cuts was 


the control. Inoculations were made during the middle of October and readings taken after 8 
weeks, 


RESULTS 


1) Incidence and Disease Distribution: Dieback was found throughout the Arvin orchard 
(Table 1) with an average of 6.4 "strikes":per tree. The disease was more severe on the east- 
ern side of the orchard where in previous years, according to the grower, a severe infestation 
of San Jose scale (Aspidiotus perniciosus Comst.) had considerably reduced the vigor of the 
trees. Disease occurrence decreased with distance from this area, On the other hand, limbs 
oriented to the south side had consistently more cankers than those in other positions on thetree. 
Except that the disease was more severe in the east side of the orchard, no differences in inci- 
dence of the disorder were found among trees in different positions in the orchard row. Age of 
the trees had no apparent effect on canker development. Young 4- to 5-year-old replants were 
as severely diseased as some of the older trees (Fig. 1). 

2) Isolations: Several fungi were secured in culture by plating tissues from the margins of 
active cankers (Table 2). Some differences were observed in the type of isolates depending on 
the source of the diseased material. The Cytospora sp. from the Arvin area, identified as 
strain A, differed considerablyfrom all other isolates and did not resemble the strains of C, 
rubescens described by Treshow andScholes(10), The Arvin strain A, when grown on PDA, was 
at first white, then turned to a bright orange with some of the interspersed mycelium remaining 
white. Colonies had sparse mycelium and irregular margins. The medium surrounding older 
colonies became red to brown in color. Abundant pycnidia were produced in old fungus cul- 
tures, They were always imbedded in a felty, orange stroma and produced cirri of a dark 
amber color. Similar pycnidia were observed on diseased branches where they were compiete- 
ly hidden under the external layer of the outer bark. The other Cytospora isolates did not dif- 
fer greatly from the description given by Treshow andScholes(10). The unidentified organisms 


Table 1. Incidence and distribution of branch dieback in a President plum 
orchard near Arvin, California. 


Tree set ; Number of strikes per quadrant 

number? : North East South West Total 
1 164 218 266 165 813 
2 161 292 322 221 996 
3 446 566 644 508 2, 164 
4 530 539 654 465 2,188 
5 793 802 926 750 3, 261 

Total 2, 084 2,417 2, 812 2,109 11, 842 


8Each tree set consisted of 10 rows of 37 trees each. Rows oriented north 
to south. Set numbers in progressive order from west to east. 


— 
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FIGURE 1. Four-year-old President FIGURE 2. Canker formed from prun- 
plum tree showing severe symptoms of ing wound. Results of inoculations made by 
Cytospora dieback. Arrows point to active the use of infested pruning shears after im- 
cankers. Photo taken in mid January. mersion in a Cytospora spore suspension. 


The outer bark has been removed to show 
discoloration of the tissues. Limb on the 
left was a control. 


frequently obtained from Marysville and also present in the orchard near Arvin appeared to be 
wood inhabiting Basidiomycetes. 

3) Pathogenicity Tests: Tissue discoloration and gummosis were produced in President 
plums by more than one organism (Table 3). However, typical canker formation was produced 
only where Cytospora strain A had been inoculated. Considerable differences in virulence 
among isolates of Cytospora were also evident as shown by the ability of strain B to produce 
some gummosis and tissue discoloration, while strain C had no effect on the host. 

4) Methods. of Disease Spread: Results of this phase of investigation (Table 4) revealed 
that a very efficient way of spreading the disease from one limb to another is by means of in- 
fested pruning tools. The heavy spore load obtained by immersing the blade of the pruning 
shears in a fungus spore suspension may account for the larger discolored area found in limbs 
treated by this method (Fig. 2). However, similar tissue discolorations were obtained where 
pruning shears were infested by previously cutting through active cankers. Where a spore sus- 
pension was sprayed on fresh wounds and these were immediately covered with polyethylene, a 
large number of pycnidia were produced throughout the cut surface. No pycnidia were present 
on limbs treated in the same manner but left uncovered. No gum formation was observed in 
any of the inoculated limbs. 


E 
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Table 2, Source, identity and frequency of fungi isolated from cankerous 
limb areas of President plum trees. 


Number of %o 
Source Fungi isolated cultures obtained frequency 

Arvin Cytospora, strain A 30 42,25 
Cytospora, strain B 1 2.50 

Pullularia pullulans 6 15,00 

Unidentified@ l 2.50 

Dantoni, Pullularia pullulans 2 8.33 
Marysville Unidentified? 12 54.14 
New England, Cytospora, strain C l 4.17 
Marysville Pullularia pullulans 1 4.17 
Unidentified? 16 66. 67 


4Floccose, white, non-sporulating mycelium. 


Table 3. Results of pathogenicity tests of various fungi isolated from 
President plum trees. 


Number 


Isolate of inoculations Results 
Cytospora, strain A 5 All positive cankers 
Cytospora, strain B 3 Gummosis and tissue 

discoloration 
Cytospora, strain C 2 Negative 
Pullularia pullulans 3 Negative 
Unidentified (Arvin) + Slight gummosis and 
limited tissue dis- 
coloration 
Unidentified (New England, 3 
Marysville) 
Control 8 


Table 4, Effect of various inoculation methods on tissue invasion of President 
plums by a Cytospora isolate. 


Positive Average length 
Number infections? tissue 
Inoculation method of inoculations (number) discoloration (mm) 

Spore suspension sprayed 6 0 -- 

on uninjured limbs 
Control 2 0 -- 
Spore suspension sprayed 

on fresh pruning wounds 6 5 25 
Control 5 0 -- 
Pruning shears dipped in 6 6 90 

spore suspension 
Control 3 0 -- 
Pruning shears contaminated 4 oa 20 

by active cankers 
Control 2 0 -- 


aPositive infections were those showing discoloration of tissues and yielding 
Cytospora by reisolation. 


DISCUSSION 


Cytospora canker was found to play a major role in the "decline" of a President plum or- 
chard in California. Differences in virulence of various Cytospora isolates were in agreement 
with those reported for C, rubescens from Utah (11) and they may account fer the delay in 
establishing the pathogenic role of this fungus. 

The President plum variety was highly susceptible to a Cytospora isolate. Most likely sun 
President plum trees grow- 


scald injury has a great deal to do with its proneness to infection, 
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ing in the interior valleys of California are subject to sun cracks on exposed limbs and these 
openings may serve as avenues for penetration and establishment of the fungus. This hypoth- 
esis seems to find some support in that the highest incidence of cankers occurred on limbs 
oriented to the south. That the susceptibility of President plum may also be the result of 
varietal anatomical or physiological characteristics should also be investigated. In fact, ana- 
tomical differences in some Populus species recently have been shown to be correlated with 
resistance to Cytospora canker (3). 

Wounds other than sunscald injuries may also allow limb penetration by Cytospora and 
other organisms. Infested pruning tools are demonstrated in this paper to be a highly efficient 
method of disease spread, The pattern of disease distribution in the Arvin orchard was sug- 
gestive of this possibility, The highest incidence of cankers in this orchard were concentrated 
in one area where it would seem that the disease first occurred. The number of cankers on 
surrounding trees decreased in almost a direct proportion to the distance from this area. 
Similar observations on successive reduction of cankers from a primary source have been re- 
ported in the literature (6). 

On the basis of these studies it appears that it would be possible to lower the incidence and, 
possibly, the spread of Cytospora canker by reducing sun scald injuries (through cultural and 
chemical methods) and by careful disinfestation of pruning tools. A study to determine the ef- 
fect of seasonal variation on susceptibility of pruning wounds, similar to that reported by 
Sharples (9), would be highly desirable to determine the most satisfactory time of pruning and 
the necessity of wound dressing materials. 
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Q* ISOLATION OF OLPIDIUM BRASSICAE FROM ROOTS OF LETTUCE 
SHOWING BIG-VEIN SYMPTOMS! 


Johanna T. Barr 


Big-vein is a common and serious disease in Arizona-grown lettuce. The cause of the 
disease has been controversial but most recent studies indicate that Olpidium brassicae is 
responsible, It has been possible to isolate this organism from head lettuce grown in soils 
from the Tucson, Yuma, and Mesa areas, 

Roots were removed from infected plants and washed thoroughly in running tap water. 
After further washing in sterile distilled water, one of three methods was followed. Although 
all techniques reported provided growth, the first two proved unsatisfactory for further culture 
work, 

1) Roots were placed in tubes of unsolidified water agar (12 g per liter) and slight growth 
appeared, but it was almost impossible to obtain distinct colony growth on streaked plates. 
This was due, in part, to the eventual dehydration of the agar which seemed to hinder further 
growth. 

2) In hemp seed media (one hemp seed per 10 cc distilled water) a whitish filamentous 
growth appeared on the roots. Crowns of infected lettuce also showed this growth along with a 
reddening of the cortical area. Few zoospores formed. Transfers of loopfuls of this culture 
to other hemp media provided no growth at room temperature; nor did visible growth occur 
when transferred to tubes of water agar. 

3) This method proved most satisfactory, as transfers could be made from one tube to 
another with rapid growth being produced in the second tube. Nutrient broth, when diluted, 
seemed to provide the most desirable medium for Olpidium at room temperature, Washed 
roots were placed in a dilution of two parts nutrient broth to one part sterile water. Within 
several days clouding of the medium developed. Growth consisted of numerous sporangia and 
some of the rudimentary filamentous growth, When loops of this solution were placed in a 1:1 
dilution of the medium, zoospores and filaments appeared overnight. In undiluted broth (8 g 
Difco Nutrient Broth per liter distilled water) growth was less profuse. 

A single spore isolating technique is being perfected. It is hoped that the success of this 
work will permit further pathogenicity studies of the organism. 


ARIZONA AGRICULTURAL EXPERIMENT STATION, TUCSON 


4 Arizona Agricultural Experiment Station Technical Paper No. 595. 
2Grogan, R.G., F. W. Zink, Wm. B. Hewitt, and K. A. Kimble. 1958. The association of Olpidi- 
um with the big-vein disease oflettuce. Phytopathology 48: 292-297. 
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.—” BANANA FRUIT-SPOT CAUSED BY DEIGHTONIELLA TORULOSA (SYD.) ELL. 


Donald S. Meredith! 


Summary 


Fruit-spot ("speckle") of Jamaican bananas is briefly described. Deightoniella 
torulosa (Syd.) Ell. was frequently isolated from spots. When pure cultures of the 
fungus were inoculated to healthy bananas in the field, typical fruit-spot developed 
after 7 days' incubation at a high humidity. Pathological histology showed that D. tor- 
ulosa produces appressoria, from which an infection hypha grows out and penetrates _ 
the cuticle and epidermal cell wall. It was concluded that D. torulosa is the cause of 
this form of banana fruit-spot. ~ 


INTRODUCTION 


Information on the subject of banana fruit-spots is scanty. However, in the Caribbeanarea, 
fruit-spotting may acquire considerable economic importance under certain conditions. In 
Jamaica a disease commonly known as "speckle" or "swamp-spot" is very severe at certain 
times of the year. 

Wardlaw (12) reviewed the information on banana fruit-spot up to 1935. Most of the spots 
investigated by this worker (11) bear little resemblance to "speckle." In conclusion, he states 
that several fungi, for example Piricularia grisea, Helminthosporium torulosum, Gloeosporium 
musarum and Fusarium spp., may be associated with fruit-spots in a primary or secondary ca- 
pacity. However, no experiments were conducted to determine which fungi act as causal agents. 

The work of Johnston (4) and Johnston and Slocum (5), who investigated a spotting of Gros 
Michel bananas in Central America, is of particular interest. From their accounts it seems 
possible that they were studying the same form of fruit-spot that is described in this paper. The 
negative evidence that Johnston obtained from mycological and entomological studies led him to 
suggest that fruit-spot is a physiological disorder, and that spotting results from interruptions 
in the normal transpiration of the fruit and possibly from a consequent accumulation of toxic 
substances. Low evaporation is accentuated by heavy rainfall and high humidity. Johnston (4) 
also found that severe spotting is associated with low nitrate content of the soil. 

In this paper, evidence is presented which suggests that fruit-spot of Jamaican Lacatan ba- 
nanas is caused by the fungus Deightoniella torulosa (Syd.) Ell. 


THE FUNGUS 


D. torulosa (syn. Brachysporium torulosum, Syd., Cercospora musarum Ashby, Helmin- 
thosporium torulosum (Syd. ) Ashby) is common in most banana-growing countries of the world. 
It has been recorded as causing a "black-spot" disease of banana leaves (1,9) and a finger-tip 
infection ("black-tip") of fruits (8,10). In addition, it may cause a stem-rot of the Manila hemp 
plant (2). The fungus also grows saprophytically on dead or dying banana tissues. Wardlaw (11) 
isolated the fungus from some forms of fruit-spot, but he did not test the pathogenicity of his 
isolates. Recently, Ellis (3) presented reasons for including the fungus in the genus Deightoniella. 


FRUIT-SPOT SYMPTOMS IN JAMAICA 


Fruit-spot on Lacatan bananas in the field is round, or nearly so, with a reddish-brown or 
black center and a darker green, apparently water-soaked halo. It may be depressed slightly 
below the level of surrounding healthy epidermis. Spots may be observed on fruit that has just 
"shot" and they become more numerous as maturity advances. They are most frequent on the 
insides of the fingers and also towards the finger-tips on all sides (Fig. 1). Histological de- 
tails of spots are similar to those already described by Johnston (4) and Johnston and Slocum (5). 


1Plant Pathologist, Banana Board Research Department, Kingston, Jamaica, W.1. 
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ISOLATION OF DEIGHTONIELLA TORULOSA 


Wind-blown bunches that had rested on the plantation floor often developed severe spotting 
on the uppermost fingers; this was particularly true during rainy weather. In contrast, the fin- 
gers underneath were only slightly affected. Such a distribution of spots strongly suggested a 
downward movement of infective units impacting on the exposed fingers. One such stem was 
brought to the laboratory and, after thorough surface sterilization, spotted tissue was trans- 
ferred aseptically to potato-dextrose agar plates. After 8 days' incubation of the agar plates at 
28°C, D. torulosa had grown out of 90% of the excised spots; no other fungus appeared on the iso- 
lation plates. This high frequency of isolation suggested a causal relation between D. torulosa 
and fruit-spot. Many similar isolations from bunches hanging from the plant also yielded D. 
torulosa. 


PATHOGENICITY OF DEIGHTONIELLA TORULOSA 


Inoculations were carried out in the field by spraying fruit of different ages with a dense 
suspension of D. torulosa spores, obtained from 15-day-oldagar cultures. After inoculation, 
the bunches were covered with air-tight plastic bags in order to maintain a high humidity at the 
fruit surface. Control bunches were not inoculated but were similarly bagged. When the exper- 
iment was re-examined after 7 days, inoculated fruit was found to be severely spotted; controls 
were relatively free from spotting. 


Other inoculations were carried 
out in the laboratory. Small segments 
of healthy, spot-free peel cut from 
immature green bananas were sprayed 
with a:suspension of conidia of D. tor- 
ulosa and incubated at 28° to 30°C in- 
side damp chambers. At the end of a 
week many spots appeared on inocula- 
ted segments, but none developed on 
un-inoculated controls. The experi- 
mentally induced spots were identical, 
both macro- and microscopically, with 
naturally occurring ones. 

Final proof of pathogenicity of D. 
torulosa was obtained from histologi- 
cal studies. After germination on the 
surface of the banana fruit, germ tubes 
produce appressoria (Fig. 2). The 
appressorium is firmly attached to the 
epidermal layer of cells and produces 
a relatively fine infection hypha which 
penetrates the cuticle and epidermal 
cell wall. Penetration may occur after 
6 hours, but in the majority of cases 
takes 12 to 20 hours. Soon after pen- 
etration has occurred the invaded epi- 
dermal cell assumes a reddish-brown 
color, due to the presence of gummy 
or tannin-like substances; the cell wall 
also becomes discolored. Further tis- 
sue penetration then occurs, usually by 
means of hyphal penetration of cell walls 
(Fig. 3). 

All stages of infection were ob- 
served on naturally infected fruit. On 
the smallest spots, hand surface sections often revealed collapsed conidia of D. torulosa attached 
to germ tubes and appressoria. The expended conidia are readily identified by the persistence 
of the black annulus at the base (conidiophore end) of the conidium (Fig. 4). 


FIGURE 1. Symptoms of fruit-spot on banana. 
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FIGURE 2. Germinated conidium 
of D. torulosa on surface of banana 
fruit epidermis. The circular appres- 
sorium has developed in the grooves 
between adjacent epidermal cells. 


Pine 


FIGURE 3. Section of fruit-spot 


tissue showing intracellul i 
ar mycel 
of D. torulosa, — 


FIGURE 4. Early stage in 
natural infection of banana fruit 
by D. torulosa. Cells immedi- 
ately below lobed appressorium 
are necrosed. Note the black 
ring at the base of the conidium 
-- a useful aid to identification 
of germinated conidia. 
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DISCUSSION 


The observations made suggest that D. torulosa is the cause of fruit-spot ("speckle", 
"swamp-spot") of Jamaican Lacatan bananas. Until suitable material becomes available for 
comparison, it is not possible to ascertain whether the fruit-spot described by Johnston (4) is 
identical with "speckle." It would be of interest to discover whether inoculation of Gros Michel 
bananas in other Central American countries results in the development of similar spots. Ob- 
servations by Meredith (6, 7) show that symptom expression in fruit infected by D. torulosa 
varies according to age of fruit and climatic and soil conditions. ~ 

The most important factor affecting the incidence of fruit-spot appears to be humidity. The 
writer (7) has found that germination of D. torulosa does not occur below 95% R.H. and is high- 
est in a film of water. Disease is most severe following heavy rainfall. : 

It is of interest that details of penetration of banana fruit are similar to those described by 
Stahel (9) for "black-spot" of leaves. On leaves, the lesions caused by this fungus are often 
extensive, in contrast to the relatively small spots on fruit. Possibly physiological conditions 
in fruit-peel tissue limit extensive invasion by the fungus. 

On the basis of what is now known about the etiology of Deightoniella fruit-spot, experi- 
ments have been set up to attempt to formulate economic control measures. 
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, AN ASSAY FOR THE DETECTION OF NEMATODE REPELLENTS! 
x D. Davis and J, E. Deak 


Abstract 


Panagrellus redivivus preferentially collects on colonies of Fusarium oxysporum 
f. lycopersici, Based on this observation, an assay was developed to detect chemicals 
repellent to nematodes. Such factors as temperature, substrate, optimum age of 
Panagrellus, number of nematodes per dish, number of Fusarium colonies per dish, 
were investigated to determine the conditions for maximum efficacy of the assay. A 
number of conclusions concerning practical utilization of a repellent, its advantages 
and application in other areas of pest control are discussed. The implications of the 
Fusarium-Panagrellus interaction are discussed in relation to the fungus-nematode 
complex in root disease. 


The chemicals currently used to control plant parasitic nematodes are either nematistatic 
or nematicidal, Since nematodes are mobile animals possessing the sensory perceptions of 
taste and touch, it is reasonable to assume that they can also respond to chemical repellents. 
However, lacking a method of detecting repellents, this area of nematode control has been un- 
explored. The observation that Panagrellus redivivus (Linn.) Goodey preferentially collects 
in areas of a Petri dish harboring colonies of Fusarium oxysporum f. lycopersici has made 
possible development of an assay for the detection of chemical repellents. 


EXPERIMENTAL 


When a mixture of larvae and adults of P. redivivus is placed in a Petri dish supporting 
young colonies of various fungi, the nematodes become most heavily concentrated on F. oxy- 
sporum f. lycopersici. They are considerably less numerous on colonies of Pythium debary- 
anum, Rhizoctonia solani, Aspergillus sp. and Penicillium sp. and almost absent from colonies 
of Alternaria solani, Consequently, F. oxysporum f, lycopersici was used as the "attractant" 
throughout this investigation. Numerous observations on the movement of a fixed number of 
nematodes from the center of a Petri dish demonstrated that accumulation of Panagrellus onthe 
Fusarium colony is not a chemotaxic response. Two 48-hour-old Fusarium colonies were 
located at opposite ends of the dish. The nematodes arrived with the same frequency at the 
quadrants devoid of the Fusarium colonies as they did at quadrants containing them. However, 
once the nematodes contacted the colony, they moved out of its environs with less frequency 
than from other areas of the Petri dish, resulting in a non-random distribution of nematodes on 
the PDA surface. This does not preclude the possibility that a diffusible substance produced by 
F. oxysporum f. lycopersici is responsible for the accumulation of P. redivivus around the 
Fusarium colony. It merely indicates that a sufficiently high concentration of the "attractant" 
does not diffuse for a considerable distance beyond the Fusarium colony. Lownsbery and 
Viglierchio (1) designed an ingenious device which answered this question in relation to the 
accumulation of Meloidogyne incognita acrita on tomato seedlings. They found that accumula- 
tion of the nematodes was in part due to a dialyzable substance emanating from the seedling. 

Larvae and adult nematodes used in this study were obtained by growing Panagrellus in a 
non-sterile "Quick Mother's Oats"oatmeal made uptoa pasty consistency with distilled water. 
Two weeks after the oatmeal was inoculated with Panagrellus, a mixture of larvae and adults 
were scraped from the oatmeal-free sides of the glass container. The nematodes were then 
washed four to five times with distilled water by decantation, after centrifugation with a small 
hand-driven centrifuge or by allowing the nematodes to settle at the bottom of a test tube. 

This procedure was necessary to avoid heavy contamination of the Petri dish with yeast brought 
in on the bodies of Panagrellus. 

The Fusarium _ used in this study was grown in Petri dishes on PDA. When the culture was 
l-week old, a 1/16 inch plug, made with a cork borer, was removed and transferred to four 
quadrants of a Petri dish. 

Results from one of the earliest experiments clearly demonstrated that a nutrient agar 


TWe wish to thank Mr. Arthur Itkin for the statistical analysis. 
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matrix, in contrast to water agar, was necessary for the accumulation of the nematodes at the 
Fusarium plug. This was correlated with the lack of fungus growth beyond the Fusarium plug 
in the absence of nutrients. Thus 25 times as many nematodes were found on 24-hour-old 
Fusarium colonies growing on PDA than on water agar. Accordingly, PDA was used as the 
supporting matrix in all the other experiments described in this paper. 

The results of another experiment demonstrated that the attraction of Panagrellus to the 
Fusarium plug was independent of the age of the oatmeal culture. The nematodes derived from 
a 2-week-old culture accumulated at the Fusarium plug was the same frequency as those from 
a 3-, 4-, or 5-week-old culture. 

The optimum age of the Fusarium colony for maximum nematode "attraction" was also in- 
vestigated. Results showed that a majority of nematodes accumulate at the Fusarium colony 
whether it is 8, 20 or 40 hours old at the time the nematodes are added to the dish, provided 
the count is made 24 hours after the nematodes are placed in the dish. Since this information 
was obtained from three separate experiments, each run at one of the above-mentioned time 
intervals, it was not valid to pool the data for an analysis of variance. Nonetheless, it is ap- 
parent that either 8-, 20-, or 40-hour-old colonies would be satisfactory for the repellency 
assay. Still another experiment demonstrated that significantly more nematodes were found at 
the Fusarium colony when the count was made 24 rather than 8 hours after Panagrellus was 
placed in the dish (P< 0.01). An average of 206 nematodes were found at each plug in 24 hours 
in contrast to 155 in 8 hours. In this experiment approximately 1000 washed nematodes were 
placed in the center of a Petri dish with four 24-hour-old Fusarium colonies in each quadrant. 

The interaction of three variables was investigated in a final experiment. The data in 
Table 1 summarize the results. The following conclusions were reached based on an analysis 
of variance. (a) There is no significant difference in the relative number of nematodes which 
accumulate around a Fusarium colony whether 100 or 1000 nematodes are added to the center 
of the Petri dish. (b) A significantly higher percentage of nematodes are concentrated around 
the Fusarium colonies when four rather than one colony is used per dish (P<0.05). (c) Sig- 
nificantly more nematodes accumulate at the colonies at 70° F than at 85° (P<0.01). Further- 
more, yeast contamination is excessive at 85° even if the nematodes are washed. (d) None of 
the interactions between the two variables significantly alters the first three conclusions. 


Table 1. The effect of temperature, number of nematodes per dish, and number of Fusarium 
colonies per dish on the "attraction" of P. redivivus to F. oxysporum f. lycopersici. 


Incubation: : Number of : Number of nematodes at Fusarium 
temperature ; Number of : Fusarium : colony 

nematodes/dish : colonies/dish : 1 : 2 : 3 : 4 =: Average 
70 100 1 75 75 
70 100 a 23 23 23 28 24 
70 1000 1 766 766 
70 1000 os 220 233 233 208 223 
85 100 l 67 67 
85 100 4 23 22 20 22 
85 1000 1 617 617 
85 1000 + 200 217 = 167 200 196 


REPELLENCY ASSAY PROCEDURE 


Based on the previously described data, the following assay was developed for the detection 
of chemical repellents and/or attractants. Fifteen ml of sterile Difco PDA (39 g/1000 ml of 
distilled water) is poured into a Petri dish (9 cm) and allowed to solidify. Four 12.7 mm diam- 
eter filter paper discs (No. 740-E, Carl Schleicher and Schuell Co.) treated with the test chem- 
ical are then placed at each quadrant and near the duter edge of the dish. Finally, 15 ml of 
sterile PDA is poured gently into the Petri dish so as not to disturb the paper discs. The chem- 
ical is applied to the paper disc by dipping the disc in a known concentration of chemical solu- 
tion or suspension and shaking off the excess solvent, or by pipetting a fixed quantity of solution 
on the paper disc. 0.1 Ml. wiil just saturate the paper discs. The paper disc is dried at 
room temperature before it is placed on the PDA. After the upper layer of PDA has solidified, 
a 1/16-inch Fusarium plug, taken from a week-old culture grown on PDA in a Petri dish, is 
placed on the PDA directly over each paper disc. Twenty-four hours later, one drop of a nem- 
atode suspension which has been washed four to five times with distilled water is placed in the 


| | 
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center of the dish. Each drop contains a mixture of approximately 1000 larvae and adult nema- 
todes derived from a 2-week-old oatmeal culture of P. redivivus. Twenty-four hours after the 
nematodes are added, a count is made of the nematodes at each Fusarium colony. 

If a compound is repelling the nematodes, there should be fewer nematodes at the fungus 
colony than expected. Conversely, if more nematodes are foundata Fusarium colony, the com- 
pound is acting as an attractant. In the initial assay, the paper discs at each quadrant con- 
tained a different test compound. When a compound was found which appeared to repel or at- 
tract the nematodes, it was retested by placing two paper discs treated with the same compound 
in opposite quadrants and two untreated paper discs in the other two quadrants. This dimin- 
ished the chances of a distorted count caused by interference from the other compounds in the 
Petri dish. It, of course, also served as a repeat trial. 

Compounds with antifungal activity will confound the results of the assay. As might be ex- 
pected, when a test chemical retards Fusarium growth, fewer nematodes are found at the 
Fusarium plug. Accordingly, whenever a compound appears to repel Panagrellus, the growth 
of the Fusarium colony is checked closely to determine whether the absence of nematodes is 
due to a lack of fungus growth or the direct effect of the test compound. 

Although a large number of compounds were tested by the method just described, none was 
found which consistently repelled or attracted P. redivivus. Accordingly, a typical response 
in the absence of an active material could be represented by that portion of the data in Table 1 
in which the temperature is maintained at 70° F and 1000 nematodes placed in a dish containing 
four Fusarium colonies. 


DISCUSSION 


A nematode repellent would be practical for application either to (a) the soil in the planting 
row (conversely, an attractant would have to be placed in the furrow) or (b) to the foliage if it 
possessed systemic activity and could be translocated to the roots. 

Since phytotoxicity is a major consideration in chemical nematode control, the search for 
repellents may prove more rewarding than the search for nematicides. It is a reasonable 
probability that a compound with repellent activity is less likely to be phytotoxic than a nema- 
ticide. This assumption is based on the probable absence of reactive sites, responsible for 
sensory perception phenomena, in higher plants analogous to those in animals. Nematicides, 
on the other hand, are more likely to be general protoplasmic inhibitors which interact on the 
molecular level with cell components common to both nematodes and higher plants. 

Since the repellency assay is relatively inexpensive, rapid, and easy to perform, it might 
also be used as a primary screen for the detection of chemicals repellent to other animal pests 
such as insects and vertebrates. 

The implications of this investigation extend beyond the repellency assay. Many root dis- 
eases are caused by fungus or bacteria~-nematode complexes. The relationship between these 
organisms in pathogenicity is poorly understood. For example, the incidence and severity of 
Fusarium wilt of cotton is commonly believed to be increased by plant parasitic nematodes. 
The nematodes presumably increase susceptibility by producing wounds through which the path- 
ogen can penetrate the root. Wilhelm (2) cites evidence which casts doubt on this explanation. 
Does the Fusarium-Panagrellus interaction suggest that wilt severity in cotton is increased by 
the accumulation of an injurious nematode population at sites of Fusarium concentration in the 
root? This and other questions concerning the root-disease complex may be clarified by the 
observation reported in this paper. 
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SOME SAP-STAIN FUNGI FOUND IN MINNESOTA! 


Robert N. Campbell2 


Summary 


Fungi isolated from sapwood of logs, lumber, or stumps of native tree species 
in Minnesota were: Ceratocystis fimbriata from Quercus ellipsoidalis; C. monili- 
formis from Populus tremuloides; C. pluriannulata from P. tremuloides and Q. el- 
lipsoidalis; C. piceae from Populus sp.; C. pilifera from Pinus banksiana, PL resi- 
nosa, P. strobus, and Picea sp.;C. coerulescens and C. ips from Pinus banksiana 
and P. “resinosa. Leptographium sp. was commonly isolated from P. strobus 
and once each from the other pines and spruce. Graphium spp. were isolated from 
the three pines and Q. ellipsoidalis. This is the first time that these species of Cer- 
atocystis, except C. ips, have been reported from Minnesota. With the exception of 
C. pilifera on Pinus strobus, C. moniliformis on Populus tremuloides, and C. ips 


on Pinus resinosa and P. banksiana, the hosts reported herein are new substrates 
for the species named, 


Fungi that cause sap-stain have been studied in most parts of the country, such as the 
Southern region (3,4, 9, 17,18), the Rocky Mountain and Pacific regions (5, 6,7, 15, 16, 19, 20), 
and the Eastern region (13,14,21). The only stain fungi previously reported from Minnesota 
are Ceratostomella ips Rumbold (11,15), and Tuberculariella ips Leach, Orr & C. Christen- 
sen (11) on red pine. Leach et al. (11) described the Symbiotic association of these two fungi 
and two bark beetles, Ips pini Say andI. grandicollis Eich. The present paper reports on the 
wood-staining fungi collected in Minnesota during the summers of 1955 and 1956. Species of 
Ceratocystis were studied most intensively, but species of the form genera Graphium and Lep- 
tographium were collected also. t 

The monograph by Hunt (10) has been used here as the basis for identification of the Min- 
nesota isolates. 


MATERIALS AND METHODS 


The fungi were isolated by aseptically removing chips of stained wood and placing them on 
malt agar or by putting infected samples of wood in a moist chamber and transferring exuded 
ascospores or conidia. 

Pure cultures of the fungi were maintained on 2% malt agar. These fungi have a tendency 
to change from the perithecial to non-perithecial type in culture. However, by transferring 
only ascospore masses, vigorous, perithecium-producing cultures have been maintained for 
over 4 years. 

The fungi were examined and described in pure culture since two or three species com- 
monly were present on a given sample of wood. The fungi were mounted in lactophenol or lac- 
tofuchsin (2). The latter stain was found to be especially useful in staining endoconidiophores 
and endoconidia. Only significant differences from the descriptions (10) are presented here. 


RESULTS 


The species isolated from various hosts are summarized in Table 1. These isolations 
were made from lumber or slabs with the following exceptions: C. ips was collected from cut 
trees which had been attacked by Ips beetles, and the isolations from Quercus ellipsoidalis 
were made only from stumps of recently cut trees. The following summarizes the observa- 


tions on the amount of stain caused by the species and how they differed morphologically from 
published descriptions. 


lPaper No. 4348, Scientific Journal Series, Minnesota Agricultural Experiment Station. 
The author is indebted toDr. E. E. Butler for thoughtful criticism of the manuscript, andtoDr. 
D. W. French for assistance during the course of the study. 
Mr. Ross W. Davidson and the late Dr. John Hunt kindly verified the identification of some of the 
isolates and provided cultures for comparison. 
Former Research Fellow, Department of Plant Pathology and Botany, University of Minnesota; 
now Assistant Plant Pathologist, University of California, Davis, 
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Table 1. The sap-stain fungi isolated or identified from stumps or lumber in Min- 


nesota. 
Number of times 
Host Fungi isolated or 
identified 

Pinus resinosa C. pilifera (Fries) Moreau 9 
(red pine) C. coerulescens (Miinch) Bakshi? 4 
C. ips (Rumbold) Moreau 3 
Leptographium sp. 1 
Graphium sp. 
P. banksiana C. piliferaa 5 
(Jack pine) C. coerulescens@ 3 
C.. ips 3 
Graphium spp. 3 
Leptographium sp. 1 
P. strobus Leptographium spp. + 
(white pine) C. piliferab 3 
Graphium sp. 3 
Picea sp. C. piliferaa@ 2 
(spruce) Leptographium sp. l 
Populus tremuloides C. pluriannulata (Hedgc.) Moreau® 5 
(aspen) C. moniliformis (Hedge. ) Moreau 5 
C. piceae (Miinch) Bakshi@ 3 
Quercus ellipsoidalis C. pluriannulata@ 3 
(northern pin oak) C. fimbriata Ell. & Halst.? 2 
Graphium sp. 1 


2 New host record and new record for Minnesota. 
bNew record for Minnesota. 


C. fimbriata appeared as limited grey patches on the wood surface and there was no stain 
of the underlying wood. In a previous paper (1) this isolate was reported as C. variospora 
(David. ) Moreau, although it was known that it did not fit clearly into either C. variospora 
or C. fimbriata because of conidial differences. C. fimbriata has two endoconidial spore forms: 
hyaline, cylindrical endoconidia borne in chains, and olive-brown, subglobose to pyriform en- 
doconidia (or macroconidia) borne in chains. C. variospora has a hyaline, cylindrical endo- 
conidial stage, a hyaline, barrel-shaped endoconidial stage, and an olive-brown, exogenous 
macroconidium borne singly on a branched conidiophore. The Minnesota isolate possessed the 
cylindrical, hyaline endoconidia common to both species, the barrel-shaped, hyaline endoconi- 
dia reported for C. variospora, and olive-brown, globose to pyriform endoconidia identical to 
those reported for C. fimbriata. There are no differences in perithecial morphology sufficient 
to distinguish between the two species in this author's opinion. Since there is in the literature 


areport of C. fimbriata (as Endoconidiophora fimbriata (Ell. & Halst.) Davidson) possessing the 
barrel-shaped endoconidia (3), the present isolate has been determined to beC. fimbriata. The 
barrel-shaped, hyaline endoconidia measured 6-9 x 4, 5-6, and were borne in brown, short endo- 
conidiophores 27-75, long and flaring from 4-4. 5, at base to 4. 5, atthe tip. These are clearly dis- 
tinct from the hyaline, cylindrical endoconidia which were 18-39 x 3-4, and borne in septate, pale 
brown endoconidiophores 80-140, long, tapering from 6-7, diameter near the base to 3-4, at the tip. 
The olive -brown, globose to pyriform endoconidia were as described for C. fimbriata (10). 


C. coerulescens formed a deep blue-black layer of mycelium and endoconidiophores on the 
surface of infected wood. Within the wood it caused a deep blue stain. This was the typical 
softwood strain of the fungus, not the hardwood strain that was described as Endoconidiophora 
virescens Davidson (4). 

- C. moniliformis was associated with a brown surface discoloration in aspen and a very 
light t blue stain in the wood. The isolate studied produced cylindrical endoconidia and monili- 
form conidia, not borne endogenously, which became brown with age and measured 7-11 x-14p 
on conidiophores 9-21 x 3-5y. The latter spore form is previously unreported for this species. 
These conidia were produced abundantly and were formed basipetally by rounding up of mycel- 
ial cells. The barrel-shaped endoconidia were not formed by this isolate. Since the present 
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isolate agrees in details of the sexual stage it is retained here in C. moniliformis. 

The incubation temperature was important in determining the colony color and amount of 
conidial sporulation by C. moniliformis. Cultures incubated 4 days at 15°, 20°, and 25°C 
were white. In the colonies grown at 25° there were many endoconidia but few conidia. Plates 
incubated at 30° had light brown colonies bearing many endoconidia and abundant conidia. Ap- 
parently at 30° the formation of conidia of both types occurred most profusely, and the brown 
coloring material of the conidia and of the mycelial cell walls was formed more abundantly. 

C. ips did not produce the Graphium-like conidial structures reported by Hunt (10). Leach 
et al. (11) have excellent illustrations of the stain caused by the fungus. 

C. piceae caused only a very light stain in the wood of aspen. The perithecia were 160- 
250p in diameter (mean with black necks 1400-1806, long (mean compared with 
80-180, diameter with necks up to 1000, long (10). 

C. pluriannulata caused a light blue stain in the wood in aspen and northern red oak. 

C. pilifera, the fungus most frequently isolated from coniferous wood, caused a light to dark 


blue stain. It was easily recognized by the numerous perithecia borne on the surface of the 
infected wood. 


DISCUSSION 


Although this study was limited in extent, it is interesting that the same species of Cera- 
tocystis (Ceratostomella) found to be the most serious hardwood and softwood stain fungi in the 
southern United States (18) were among those most frequently encountered in Minnesota. 

Throughout this study it was possible to isolate the endoconidial species only when the wood 
was still fresh and moist. After the wood had dried out, none of these fungi was isolated, al- 
though the perithecia and endoconidiophores were present. However, C. pilifera on pine lum- 
ber or C. pluriannulata on aspen boards were isolated frequently from such pieces. Apparently 
the endoconidial group is much less resistant to desiccation than are other species of the genus. 

The Minnesota isolates of C. fimbriata and C. moniliformis both differed in conidial 
stages from the generally accepted descriptions. These findings, and the recent findings (8) 
that in Ceratostomella radicicola Bliss the production of the macroconidia was governed by a 
single gene which could mutate resulting in the lack of these spores, emphasize that perithe- 
cial morphology is the primary basis for speciation and that variation, at least in those species 
with endoconidia, in the conidial stages formed by an individual isolate is to be expected. This 
is supported by the previous report of C. fimbriata possessing the barrel-shaped endoconidia 
(3) and the finding of a Graphium stage for Ceratocystis major (van Beyma) Moreau (12). 

In regard to C. fimbriata and C. variospora the question should be raised as to whether 
they are separate species. The differences in perithecial morphology between them is indeed 
small (10): the ostiolar hyphae of C. variospora are shorter (10-20 ostiolar hyphae, 20-35 x 
1-2 compared with 8-15 ostiolar hyphae, 50-90 x 2-3); the ascospores are smaller (4-6 x 
2.5-3.5y compared with 4.5-8 x 2.5-5.5y); and the perithecial bases are light colored ("light 
brown to black," Davidson) compared with brown to black for C. fimbriata. In addition, the 
Minnesota isolate was intermediate between these descriptions, with 8-26 ostiolar hyphae 
21-56, long, perithecial bases black, and ascospores 4.7-5.4x 2.7. Since C. variospora has 
been studied from the type collection and not from cultures -- as has C. fimbriata -- it is 
questioned whether the differences between the species are not due to the environment under 
which the fungi developed. The only remaining differences between the species are in the 
olive-brown macroconidia which were reported to be borne exogenously and singly on alter- 
nately branched conidiophores in C. variospora and endogenously in chains in C. fimbriata. 
Again, it is not known to what extent this spore form is affected by cultural conditions or the 
expected variability between isolates. One of the olive-brown macroconidia figured in the ori- 
ginal C. variospora description has the pyriform shape that is typical of the olive-brown coni- 
dia produced endogenously in C. fimbriata. Final answers to this question will necessitate an 
examination of a more extensive collection of these fungi than has been possible here. 
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gw PEACH "SHOT HOLE" IN ARIZONA --1959! 


Paul D. Keener 


Epiphytotics of aerial pathogens are of unusual interest in Arizona because of their rarity.. 
The low humidity makes such occurrences all the more remarkable in the northern part of the 
State where "dry land farming" takes the place of irrigated crops farther south. A severe out- 
break of the fungus causing shot-hole, Coryneum carpophilum (Lév.) Jauch (C. beijerinckii 
Oud. )2, occurred on the peach variety Rio Oso Gem in the Oak Creek Canyon area, Yavapai 
County. Foliage, twigs and fruits were infected. Fruits were so marred by necrotic spots as 
to render them unfit for consumption (Fig. 1). Spores, although present in small amounts on 
fruits in nature, were much more abundant after specimens had been placed in a sterilized 
moist chamber for 3-4 days (Fig. 2). 


FIGURE 1, Rio Oso Gem peach fruits FIGURE 2, Two adjoining fruit 
with necrotic lesions caused by Coryneum lesions of shot-hole showing mycel- 
carpophilum (C, beijerinckii), At right ium of the fungus, Fruits had been 
lesions have coalesced to form a large in moist chamber for 3 days, 
scab-like area, 


Only one previous record for the disease on peaches (unlisted variety) exists in the files of 
the Department of Plant Pathology, University of Arizona, Tucson. This record was made in 
1942 from observations on twig lesions from the Dos Cabezas area, Cochise County. One other 
record of the disease on apricot fruits was made in 1951 from the same general area as the 
1959 peach report, 


DEPARTMENT OF PLANT PATHOLOGY, COLLEGE OF AGRICULTURE, UNIVERSITY OF 
ARIZONA, TUCSON 


‘Arizona Agricultural Experiment Station Technical Paper No. 599, 


2 Authority names for C. carpophilum taken from Index of Plant Diseases in the United States, Part 5. 
p. 966, 1953. 
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GU TAPHRINA PRUNI-SUBCORDATAE (ZELLER) MIX, CAUSING 
QR WITCHES'-BROOM ON ITALIAN AND FRENCH PRUNES 


Julius L. Heinis 
Abstract 


Prunus domestica varieties French prune and Italian prune have been found to be 
undescribed hosts of Taphrina pruni-subcordatae which attacks P, subcordata, the 
Pacific plum, On the two P, domestica varieties the organism causes witches'-broom 
and leaf curl 


SURVEY 


In the winter of 1954-55 a witches'-broom condition first came to the author's attention on 
the French (Agen) prune variety of Prunus domestica. The disorder was fairly widespread on 
French prunes growing in fence rows and in old orchards of Marion County. In the spring of 
1957 the same disease was seen on Italian (Fellenberg) prunes in an old orchard near Sheridan, 
Oregon; more than 10 trees were found infected. In 1958 observations were made in several 
more prune plantings in the area surrounding Salem, Oregon and several dozen infected trees 
were found in old orchards. In June of 1959 a survey was made of commercial orchards of P. 
subcordata, Pacific plum, near Lakeview in south-central Oregon. Witches'-broom and curled 
leaves were abundant in one orchard. 

Zeller (2) described witches'-broom on P, subcordata in 1927, but he did not record it on 
Italian prunes. No report of this disorder on P. domestica has been found in the literature. 
Specimens of the witches'-broom on Italian prunes were sent to Dr. L. F. Roth, Oregon State 
College, Corvallis and Dr. C. G. Shaw, Washington State University, Pullman. They diag- 
nosed the causal organism as Taphrina pruni-subcordatae (Zeller) Mix. 


SYMPTOMS 


Prunus subcordata (Pacific plum): The disease produced thickened branches out of which 
grew numerous shoots in a thick and disorderly fashion. The brooms were 20 to 60 cm in di- 
ameter. Early in the season the leaves were thick and curled. When slices were made through 
these leaves, asci of Taphrina sp. were easily seen with the microscope. Leaves appearing 
later in the season were normal and devoid of asci. Although Mix (1) reported deformed fruits 
(plum pockets), none were seen in this survey. 

Prunus domestica (varieties Italian prune and French prune): The branch from which a 
witches'-broom originated was slightly swollen and a mass of twigs grew out of the point of or- 
iginal infection. The witches'-brooms were often from 50 to 100 cm in diameter and their 
weight caused them to hang down from trees. 

The early spring leaves were curled and thickened. Asci were easily recognized and 
classed into the genus Taphrina. A few weeks later the curled leaves dried-out and all new 
leaves were normal, 

No fruits were borne in the center of the witches'-broom, but sometimes a healthy shoot 
growing out of the broom bore an occasional normal prune. 


MICROSCOPICAL SYMPTOMS 


The asci observed on Italian prune sat on short stalk cells and formed a thin layer over the 
epidermis. They were fairly regular in size and shape and averaged 26 pin width. Ascospores, 
numbering eight per ascus, were oval and slightly longer than wide (about 4x 3). 

Asci and spores on the two Prunus species were alike in size and shape. The morphologi- 
cal identity of Taphrina sp, on the two hosts therefore appeared to be confirmed, It might be 
noteworthy that the smallest asci of T. pruni-subcordatae described by Mix (1) were 7p longer, 


the width was corresponding, but the ascospores were slightly more elliptical than those de- 
scribed here, 


CONCLUSIONS 


Although no inoculation experiment was made with Taphrina sp. on P. domestica and P. 
subcordata, morphological similarities leave little doubt that the Taphrina sp. on the two 
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Prunus species belong to the same species. Despite two variances with Mix, namely shorter 


asci and no fruit symptoms, the organism may be identified as T. pruni-subcordatae. There- 
fore P. domestica varieties Italian prune and French prune should be added to the host list 
of this fungus. 

No experiments with control methods were made. The cutting out and burning of witches'- 
broom during the regular pruning operation done by orchardists is easily feasible. 
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\\“ THE VIRUS CONTENT OF FLOWERING CHERRIES AT SUMMERLAND, BRITISH COLUMBIA 


T. B. Lott and F. W. L. Keane2 
Abstract 


The Kwanzan and Shiro-fugen varieties of flowering cherry (Prunus serrulata) 
being used in indexing sweet cherries for latent viruses were themselves indexed for 
K&S virus. Symptomless trees of both varieties were found to be infected. Symp- 
tomless Kwanzan was found to be infected also with Lambert mottle and mottle leaf, 
and Shiro-fugen was found to be free from Lambert mottle. There were indications 
that the Lambert mottle which was transmitted from Kwanzan to sweet cherry was 
able to spread more rapidly under experimental plot conditions than selections of 
Lambert mottle obtained from Okanagan Valley orchards. 


INTRODUCTION 


Investigation of the virus content of symptomless experimental trees of flowering cherries 
in British Columbia was necessitated by the discovery of the K&S virus by Reeves, Cheney, 

and Milbrath in 19533. Prunus serrulata, varieties Kwanzan and Shiro-fugen, had been in use 
at Summerland for the indexing of sweet cherries for latent viruses. 


MATERIALS AND METHODS 


The stock of Kwanzan flowering cherry being used at Summerland was bud-inoculated into 
sweet cherry trees of the Lambert, Bing, and Black Republican varieties. The stock of Shiro- 
fugen was inoculated into Lambert only. All inoculations were made into fruiting trees in the 
late summer and were repeated annually until the trees were removed. Indexing was carried 
out in a part of the isolation orchard in which numerous selections of Lambert mottle had been 


present for 7 years with very little natural spread. Mottle leaf had been present to a small 
extent with no natural spread. 


RESULTS 


Kwanzan-inoculated trees of all three varieties developed K&S disease in the fruits, some- 
times in the first year after inoculation. Moderately severe Lambert mottle developed in the 
Lambert trees. The symptoms were mostly tip and marginal burn with some ring pattern. 
Moderate mottle leaf appeared in a few of the Bing trees. 
A Lambert tree inoculated with Shiro-fugen developed K&S disease but not Lambert mottle. 
No natural spread of K&S disease or mottle leaf was observed. However, symptoms of 
Lambert mottle, similar to those in the Kwanzan-inoculated Lambert trees, appeared in three 


uninoculated Lambert trees growing close by. No other natural spread of Lambert mottle oc- 
curred during the progress of this experiment. 


DISCUSSION 


The indexing of Kwanzan at Summerland demonstrated that this variety can remain symp- 
tomless while carrying the viruses of Lambert mottle and mottle leaf, as well as the K&S virus. 
The indexing of Shiro-fugen, however, showed that the clone of this variety in use at Summer- 
land was free from Lambert mottle. 

Natural spread of Lambert mottle has been serious in some orchards in the Okanagan Val- 
ley, but no comparable natural spread of selections from these same orchards has occurred 


in plots of the isolation orchard, despite close planting. In 7 years preceding the indexing of 
Kwanzan, only two Lambert trees became naturally infected. 


1Contribution No. 41, Research Station, Canada Agriculture, Summerland, British Columbia, 
Canada, 

2Pathologists, Research Station, Canada Agriculture, Summerland, British Columbia, Canada. 
3Reeves, E. L., Philip W. Cheney, andJ. A. Milbrath. 1955. Normal-appearing Kwanzan and 


Shiro-fugen oriental flowering cherries found to carry a virus of little cherry type. Plant Disease 
Reptr. 39: 725-726. 
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The three uninoculated Lambert trees, which developed symptoms of Lambert mottle while 
the Kwanzan indexing experiment was in progress, were all within 30 feet of the Kwanzan-in- 
oculated Lamberts, whichthemselves constituteda compact group. These three trees probably 
became infected with virus from the Kwanzan-inoculated trees rather than from any of the other 
possible sources of infection. This is suggested by the position of the naturally infected trees 
quite close to those inoculated with Kwanzan, the similarity of symptoms, the absence of 
natural spread in the rest of the same plot and elsewhere in the isolation orchard in the same 
years, and the almost complete absence of natural spread in the preceding years. Further- 
more, natural spread ceased when all Kwanzan-inoculated trees and all naturally infected 
trees were removed. There are therefore some indications that Lambert mottle, transmitted 
experimentally from Kwanzan into Lambert, can spread quite readily by natural means from 
Lambert tree to Lambert tree in plots where many other selections of Lambert mottle have 
shown little or no natural spread. However, some of these other selections had spread seri- 
ously in the commercial orchards from which they had been obtained. 

Results at Summerland did not give proof of the direct natural spread to sweet cherry of 
any of the three viruses out of Kwanzan or of the K&S virus out of Shiro-fugen. 


RESEARCH STATION, CANADA AGRICULTURE, SUMMERLAND, BRITISH COLUMBIA 


VIRUS INFECTION NOT THE CAUSE OF EARLINESS 
Qs IN THREE STRAINS OF ITALIAN PRUNE! 


T. B. Lott,2 A. J. Mann,3 and F. W. L. Keane2 


In 1952 three early strains of Italian prune, De Maris, Greata and Richards, were being 
recommended and widely planted in the Okanagan Valley in preference to the regular strain of 
Italian. 

There was considerable uncertainty as to the exact origin of these three early strains, 
which had proved to be practically indistinguishable under local conditions, and no information 
was available to show that any one of them had actually originated as a mutation of Italian 
prune, although this was the generally accepted supposition. Consequently an experiment was 
undertaken to determine whether the earliness of these strains was due to virus infection, 
rather than to mutation. 

In 1952 grafts of the De Maris strain were placed on one mature tree and one younger 
bearing tree of regular Italian prune. Two similar trees were treated with the Greata strain 
and two with the Richards strain, The inserted grafts were encouraged to grow. 

In 1954 the experiment was expanded to include a uniform block of 40 two-year-old prunes 
on myrobalan roots, consisting of approximately equal numbers of the three early strains and 
of regular Italian. These trees, with the exception of an adequate number of checks, were 
reciprocally grafted in the spring of 1954. Each kind was used as scion on each of the other 
three, every tree containing only one combination. Either two or three trees were used for 
most of the combinations, but groups of six trees were used for combinations in which regular 
Italian was the scion, 

In most instances fruit was obtained both on the scion portion and on the stock portion of 
the tree. Results to 1958, inclusive, showed that branches growing from the inserted grafts 
produced fruit typical in earliness and other characteristics. With the exception of one tree in 
the younger plot, there was no evidence that either an earliness or a lateness factor had been 
transmitted to the other part of the combination. The one exception, a regular Italian grafted 
ona Richards stock, showed some evidence that the Italian fruit was earlier than on the check 
trees. In view of the large number of trees showing negative results, it was considered that 
this isolated instance should be disregarded. 

It is concluded from this experiment that the earliness factor in these strains is not trans- 
missible to regular Italian prune by grafting. 


RESEARCH STATION, CANADA AGRICULTURE, SUMMERLAND, BRITISH COLUMBIA 
TContribution No, 42, Research Station, Canada Agriculture, Summerland, British Columbia, 
Canada. 


2Pathologists, Research Station, Canada Agriculture, Summerland, British Columbia, Canada. 
3 Formerly Horticulturist, Dominion Experimental Farm, Summerland, British Columbia. 
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> LEAF ENATIONS IN APPLE INOCULATED FROM CHERRY! 
T. B. Lott and F. W. L. Keane2 


Rasp leaf or leaf enation of sweet cherry has been known in the dry belt of British Colum- 
bia for at least 20 years. It has been serious in widely scattered orchards, and there has been 
natural spread. Recently considerable variation in symptoms has been observed. Leaf ena- 
tion (2) in the Okanagan Valley is believed to be the same as rasp leaf described in Colorado 
by Bodine and Newton (1), though no direct comparison is known to have been made. The ena- 
tions are also similar to those in Pfeffingerkrankheit or Eckelrade disease of Europe. 

In 1954, one seedling apple tree and two Bartlett pear trees were inoculated, by budding, 
with material from a Napoleon (Royal Ann) cherry tree naturally infected with rasp leaf. No 
enation symptoms appeared in the experimental trees up to November 1959 when they were. 
severely cut back, leaving stubs 2 inches in diameter. Back inoculations from them into cher- 
ry, made in 1955 and 1957, have given no results, 

By June 1960, the apple and pear trees had made about a foot of new growth. The pear 
trees remained normal, In the apple tree some shoots remained normal while others showed 
symptoms (Fig. 1) very similar to those of rasp leaf in cherry (Fig. 2). Affected shoots were 
on the stumps where the inoculated branches had been removed. The oldest leaves were full 
sized. They showed many interveinal thickenings and a lesser number of enations., Intervein- 
al translucent bars, as in rasp leaf, were present to some extent. The somewhat younger 
leaves were smaller than normal and irregular in shape. On the lower side they carried ena- 
tions, some of which had serrations and glands similar to those on the edge of a leaf. The 
margins of these leaves were sometimes flat and sometimes strongly waved, as in rasp leaf. 
Veins were sometimes considerably thickened, and as in rasp leaf the angles between mid- 
ribs and veins were narrower than normal. The youngest leaves on affected shoots were 
sometimes narrow and strapshaped. Some narrow leaves had three nearly parallel veins, 
Some had marginal enations or continuous double margins. 


FIGURE 1. Leaves from apple tree inoculated with rasp leaf or. 
leaf enation virus. 


1Contribution No. 50, Research Station, Canada Agriculture, Summerland, British Columbia, 
Canada. 
2Pathologists, Research Station, Canada Agriculture, Summerland, British Columbia, Canada. 
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FIGURE 2. Leaves from Bing cherry tree showing rasp leaf or 
leaf enation, 


At present there is no proof that the cherry virus has been transferred to apple. However, 
transmission seems probable in view of the very definite enation symptoms which are not like- 
ly to be due to any cause other than the inoculation with rasp leaf virus. Adjacent apple trees, 
similarly cut back but not inoculated with rasp leaf virus, produced no enations, This work is 
being continued. 

Other experiments have given some indications that chokecherry is also a host of the rasp 
leaf virus, and in the wild state is naturally infected. In chokecherry some branch killing oc- 


curs, while the leaves are small, harsh, wavy along the margins, and with cleared veins but 
no large enations, 
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U TRANSMISSIBLE CORKY PIT OF FLEMISH BEAUTY PEAR} 


F. W. L. Keane and Maurice F. Welsh? 
Abstract 


Flemish Beauty pear fruits bear shallow skin depressions or furrows, underlaid 
by brown, corky, flesh tissue. Graft transmission has been effected, from diseased 
Flemish Beauty through Bosc to healthy Flemish Beauty, Fruits on inoculated Bosc 
trees have shown no symptoms. 


INTRODUCTION 


In 1955 the authors were asked to diagnose a disorder in fruit from a block of Flemish 
Beauty pear trees in a commercial orchard. Symptoms of the disorder were apparent in fruits 
only. The affected fruit retained its characteristic shape, but bore several to many shallow 
skin depressions or furrows (Fig. 1) that were underlaid by brown corky flesh tissue (Fig. 2). 
The browning was sometimes confined to shallow pockets immediately beneath the skin, or 
more frequently formed a network throughout the flesh of the fruit. 


FIGURE 1. Corky 
pit symptoms -- pitting 
and furrowing of Flem- 
ish Beauty fruits. 


FIGURE 2. Corky 
pit symptoms -- brown 
corky tissue in pockets 
beneath the skin, and in 
networks through the 
flesh of the fruit. 


TContribution No. 44, Research Station, Canada Agriculture, Summerland, British Columbia, 


Canada. 
2Respectively Technician and Plant Pathologist. 
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Four of the 21 trees in the block bore severely affected fruits in 1955; 10 bore moderately 
affected fruits. The grower reported that severe losses from the disorder had been sustained in 
1955, relatively light losses in 1952 and 1953, and moderate losses in 1954, 

Several diseases have been described that cause similar symptoms in pear fruits. The 
symptoms bear closest resemblance to those of cork spot of Anjou pear (3) the cause of which 
is unknown, They also bear some similarity to the symptoms of stony pit (1, 2) which was 
demonstrated to be a virus disease by Kienholz, and has subsequently been reported from most 
pear-growing countries in the world. No report can be found of the occurrence of stony pit in 


Flemish Beauty, and private correspondence with Kienholz in 1955 confirmed that he had re- 
ceived no such report. 


PROCEDURE 


Four healthy bearing trees of Bosc were used as test trees for a transmission experiment, 
Each test tree received grafts from one of the four severely affected Flemish Beauty trees. At 
the same time scions of Flemish Beauty from an apparently healthy tree were applied to other 
limbs of the four Bosc test trees. 

Scions from a Bosc tree infected with stony pit virus were applied to three healthy Bosc 
test trees. These trees were also top-worked with Flemish Beauty scions from the same healthy 
source tree. 

Scions of Flemish Beauty from the healthy source tree were applied to six healthy Bosc test 
trees, to which no diseased pear scionwood had been applied. 


RESULTS 


All trees receiving grafts of infected Flemish Beauty have borne between 50 and 200 Bosc 
fruits per year in 1957, 1958, and 1959. Every fruit has been normal in all three seasons. 
Branches growing from infected and healthy Flemish Beauty grafts on all of these trees have 
borne fruits in one or more of the 3 years. A large percentage of the fruits on all Flemish 
Beauty branches have displayed typical symptoms of Flemish Beauty corky pit (Table 1). Thus 
the disease has been perpetuated in Flemish Beauty, and has been transmitted through Bosc to 


healthy Flemish Beauty; but no symptoms have been evident on Bosc fruits borne on the test 
trees. 


Table 1. Occurrence of corky pit in Flemish Beauty 
fruits on test trees inoculated by spring 
grafting from affected Flemish Beauty 
trees in 1956. 


Tree number: 


1957 

perpetuation 1/12 - - 

transmission - - 
1958 

perpetuation - 77 - - 

transmission - 13/13 - - 
1959 

perpetuation 1/1 19/27 = 4/5 2/6 


transmission 5/5 55/63 3/3 3/3 
@Affected fruits/total number of fruits borne. 


Graft inoculation with stony pit from infected Bosc trees has induced stony pit fruit symp- 
toms on all three Bosc test trees. However, the proportion of affected fruits has been very 
low (Table 2). The fruits displaying symptoms in 1957 were borne on spurs close to the points 
of graft inoculation. The affected tree from which scions were taken, selected because it 
showed severe symptoms in 1955, has produced only mild symptoms on a few fruits in the sea- 
sons 1956-1959. 

The Flemish Beauty branches growing on the Bosc trees with stony pit did not fruit until 
1959, when Flemish Beauty branches on two of the trees bore a few fruits. Five of the 17 fruits 


on one tree displayed typical symptoms of corky pit. None of the seven fruits on the other tree 
showed symptoms, 
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Table 2. Occurrence of stony pit in Bosc pears 
on test trees inoculated by spring graft- 
ing from affected Bosc trees in 1956, 


Tree number: 
Year ; 3 


1957 0/472 5/95 1/35 
1958 5/73 8/153 0/44 
1959 2/58 0/145 3/90 


4Affected fruits/total number of fruits borne. 


The six Bosc trees on which healthy Flemish Beauty was top-worked bore crops of normal 
Bosc fruits in all three seasons, and bore normal Flemish Beauty fruits in 1959, 


DISCUSSION 


The transmission tests have shown that corky pit symptoms in Flemish Beauty fruits are 
caused by a virus. There is some doubt whether this is the virus that causes stony pit in Bosc 
and other varieties, or whether it is a distinct virus. 

The absence of fruit symptoms on all four Bosc trees during the three seasons that followed 
their graft inoculation from affected Flemish Beauty suggests that the virus in Flemish Beauty 
is not the stony pit virus. However, the meagre number of stony pit fruits on the Bosc trees 
inoculated at the same time with stony pit virus indicates that symptoms of stony pit were not 
severe during these seasons and makes it conceivable, although improbable, that stony pit 
Symptoms were completely suppressed every season in the Bosc trees that had received grafts 
from affected Flemish Beauty. 

The appearance of corky pit symptoms in Flemish Beauty fruits on one of the three trees in- 
oculated with stony pit virus suggests several alternative possibilities. It may indicate that 
corky pit is caused by the stony pit virus. It may demonstrate that the affected Bosc source 
tree carries a second virus that causes corky pit in Flemish Beauty. There is also the possibili- 
ty that this one tree has been naturally infected with corky pit virus from neighboring trees in- 
oculated with this virus. 

If corky pit of Flemish Beauty is caused by the stony pit virus, the results of these tests 
indicate that Flemish Beauty is more consistently affected by the virus than is Bosc, usually re- 
garded as the most sensitive variety. 

Additional tests have been initiated, in which other varieties of pear are being inoculated 
from Bosc stony pit sources and from Flemish Beauty corkypitsources. These tests may eventually 
establish whether the two diseases are caused by the same or by distinct viruses. 
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Qs SOIL INHIBITS INFECTION WITH TOBACCO NECROSIS VIRUS! 


C. E. Yarwood2 
Summary 


When plants were inoculated with tobacco necrosis virus by pouring a suspension 
of virus from infected leaves directly on the soil in which healthy plants were grow- 
ing, about 10% became infected. When a suspension of infested soil was similarly 
used as inoculum, infection was about 3 times as great as when infected leaves were 
used, even though local lesion assay indicated the soil suspension contained less vi- 
rus than the leaf suspension. When cucumber seeds were germinated on moist blot- 
ting paper, inoculated with a suspension of infected leaves, and maintained on blot- 
ting paper, about 77% of the plants became infected, but when these same plants were 
transferred to soil immediately after inoculation, only about 12% became infected. 
When healthy seeds or seedlings were planted in infested soil, about 83% became in- 
fected. When autoclaved or unautoclaved soil was added to inoculum prepared from 
leaves, the infectivity of this inoculum was reduced. To explain these results, it is 
believed that soil contains a virus infection-inhibiting power which is comparable to 
the spore germination-inhibiting power which soils exhibit toward fungi. 


INTRODUCTION 


Tobacco necrosis virus (TNV) is normally limited to the roots of growing plants and is 
normally soil-borne (8), Although natural infection of roots may occur in large numbers of 
plants under greenhouse (3, 7) and field conditions (4,5, 9), artificial inoculation of roots in soil 
has been erratic. Price (6) reports six infections out of six inoculations when a suspension of 
virus was poured on soil containing tobacco roots, but Bawden (1) indicates poor transmission 
in soil. By contrast, inoculation of leaves of many hosts with the production of local lesions is 
readily accomplished (7), and inoculation of roots of seedlings in Petri dishes is moderately 
successful (11). The present study is an exploration of methods of inoculation of roots in soil, 
and confirms some of the ideas previously published. 


METHODS 


Cowpea leaves bearing 20 or more local lesions of TNV were ground in a mortar and di- 
luted with about 50 parts of water. This is called leaf inoculum. Similarly, washed roots of 
infected plants were ground and diluted with about 50 parts of water; this is called root inocu- 
lum. For infested soil the lower part of the soil root mass of infected potted plants was shaken 
in about 20 parts of water; this is called soil inoculum. In the soil inoculum, roots were pres- 
ent and since virus is naturally released from infected roots (12) it is presumed that virus 
might be released from soil inoculum over an extended period. 

Inoculation was usually accomplished by pouring the inoculum over the surface of soil in 
which test plants were growing. In some cases the roots were injured by poking a knife sev- 
eral times into the central areas of the pots, or by running a knife around the inside surface of 
the pots. In some trials the growing plants plus soil were knocked out of freshly watered pots, 
the root soil mass was dusted with carborundum and the inoculum was painted over the surface 
of the roots. To avoid soil in many trials, seeds were germinated for 2 to 5 days on moist 
filter paper in Petri dishes, the seedlings were shaken in a flask with a water suspension of 
virus and carborundum, then returned to Petri dishes or planted in soil. 

The soil commonly used was a greenhouse potting mixture of steam sterilized soil, sand, 
and peat moss. While this soil was considered to have been once freed of most pathogens by 
heat, it was presumably soon contaminated with miscellaneous saprophytes and some pathogens 
in normal handling. In many cases natural soils were used. 

Host plants consisted principally of spider plant (Cleome spinosa), bean (Phaseolus vul- 
garis var. Pinto, Bountiful, and Beka), cucumber (Cucumis sativus var. National Pickling), 


1 Aided by a grant (NSF-G 9120) from the National Science Foundation. The assistance of Raymond 
Louie and Clarence Kado in assaying most of the roots for virus is gratefully acknowledged. 
2Professor of Plant Pathology, Department of Plant Pathology, University of California, Berke- 
ley, California. 
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cowpea (Vigna sinensis var. Blackeye), tobacco (Nicotiana tabacum var. Turkish), tomato 
(Lycopersicum esculentum var. Bonny Best), and sugar beet (Beta vulgaris). Of these Cleome 
and cowpea appeared to be most susceptible but this was not clearly established. Plants such 
as cucumber, bean, and cowpea were usually inoculated at about 10 days after planting; other 
plants when they were about 3 inches high. 

Since root infections by TNV normally cause no symptoms, inoculated plants were assayed 
by rubbing suspensions of inoculated roots on cowpea leaves. One or two cowpea leaves were 
used for the assay of the roots of each plant. If two or more lesions resulted, it was concluded 
that the root was infected, whereas if one or no lesions formed, it was concluded for statisti- 
cal purposes of this study that the root was not infected. That lesions produced from these 
assays came from root infections and not from the original inoculum is indicated by the fol- 
lowing: 1) the half life of the virus under conditions of these tests was about 3 days (12) where- 
as assays were usually not made until about 16 days after inoculation; 2) routine assays of dif- 
ferent roots receiving the same inoculum was usually 30 or more lesions or none; and 3) re- 
assays of positive or negative infections usually gave similar numbers of assay lesions. 

The TNV used was principally a strain isolated from soil from Salinas, California. 

In tests of soil moisture on infection, plants subjected to regular watering were inoculated 
by pouring the inoculum on the soil. This type of inoculation resulted in complete saturation 
of the soil. From this time on the plants to be at medium soil moisture were subjected to rou- 
tine watering, those to be at low soil moisture were watered lightly only as the plants approached 
incipient wilting, and those to be at high soil moisture were given extra watering and saucers 
were placed under the pots to prevent complete escape of the drainage water. This watering 
regime was maintained for only 4 to 7 days, after which all plants were subjected to regular 
watering. At the time of assay, 10 to 20 days after inoculation, the plants at low soil mois- 
ture were only slightly smaller than those at high or medium soil moisture. 


RESULTS 


Of 5808 plants which were experimentally inoculated, and of which the roots were individ- 
ually assayed, 1292 or 22% became infected. These plants were distributed into 360 trials 
which usually included 12 to 20 plants each. Some of the categories of inoculation pertinent to 


Table 1. Methods of inoculation of roots with tobacco necrosis virus. 


% 
Number of of plants 
Method of inoculation plants assayed infected 
Natural (uninoculated controls) 595 1.8 
Leaf inoculum added to soil 1104 10 
Soil inoculum added to soil 1282 28 
Shake inoculation of all seedlings, 
assayed from dishes 668 52 
Shake inoculation of all cucumbers, 
assayed from dishes 143 70 
Grouped comparisons of inoculum (7 trials) 
Leaf inoculum added to soil 49 = 
Root inoculum added to soil 28 18 
Soil inoculum added to soil 59 63 
Grouped comparisons of substrate after 
inoculation (7 trials) 
Paper substrate in Petri dishes 30 ae 
Soil in pots 34 3 
Grouped comparisons of seedlings inoculated 
by shaking and transferred to soil (8 trials) 
Transferred to soil immediately after 
inoculation 4) 20 
Transferred to soil 1 day after inoculation 29 62 
Transferred to soil 2 days after inoculation 38 100 
Grouped comparison of soil moisture effect (5 trials) 
Low soil moisture 20 0 
Medium soil moisture 15 46 


High soil moisture 21 67 
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this report are given in Table 1. The first five lines of data are totals of many trials over about 
1 year in which the five methods of inoculation were not necessarily compared in the same trial. 
In this part of the table trials in which no infection resulted are included. The data given under 
grouped comparisons contain only data in which the methods of treatment were compared in the 
same test and in which some method of inoculation gave infection. Inoculations of roots in soil 
have sometimes failed by every method tested. These data indicate that infected roots were 
about 3 to 6 times as effective as a source of inoculum as were infected leaves and that infested 
soil was 3 to 16 times as effective as infected leaves. This was apparently not because the in- 
oculum from soil contained more virus. In many trials inoculum from leaves applied to leaves 
gave more lesions than comparable inoculum prepared from soil. In one trial the numbers of 
lesions were 118 from leaf inoculum and 4 from soil inoculum. Wounding of roots with a knife 
before or after inoculation or painting the virus on the roots after dusting them with carborun- 
dum was not clearly superior to pouring the inoculum on the soil of pots with uninjured roots. 

Inoculation of seedlings without soil by the shaking method was about 5 times as effective 
as inoculation of roots in soil with the same inoculum, and with cucumber, about 7 times as 
effective. In seven tests the infection of cucumber seedlings which were inoculated by shaking 
and maintained on moist paper in Petri dishes was compared with that of seedlings which were 
inoculated in the same way but transplanted to soil immediately after inoculation. Those main- 
tained on paper yielded 28 times as many infected seedlings as those transferred to soil. 

In 11 trials independent of the above, cucumber seedlings which had germinated for 3 days 
on paper were inoculated by shaking, transferred to soil at different times after inoculation, 
and assayed at about 20 days after inoculation. Controls for each trial consisted of four seed- 
lings inoculated as above but assayed directly from Petri dishes at about 6 days after inocula- 
tion. Only eight trials yielded 100% infection of the controls and only data from these eight 
trials are included in Table 1. The infection of plants held on paper for 1 day after inoculation 
was 3 times as great as that of seedlings transferred to soil immediately after inoculation, and 
infection of plants held on paper for 2 or more days after inoculation was 5 times that of 
seedlings transferred to soil immediately after inoculation. 

To measure the effect of soil on infection of leaves, the infection resulting from leaf inoc- 
ulum was compared with the infection from this same inoculum to which soil was added. Twen- 
ty % by weight of air dried field soil, and of the same soil after autoclaving, was added to dif- 
ferent lots of virus suspension, allowed to stand 24 hours, filtered through cheesecloth, and 
used as inoculum, The number of lesions from the control inoculations (two replications in each 
of three trials) was 672, the number of lesions resulting from the addition of unsterilized soil 
was 31% of the controls, and from the addition of sterilized soil was 48% of the controls. 


DISCUSSION 


Several independent approaches indicate that some soils inhibit infection of roots by to- 
bacco necrosis virus. This is most clearly indicated where inoculated seedling roots show 
heavy infection when maintained in Petri dishes apart from soil, but show very poor infection 
when transplanted to soil immediately after inoculation. The poorer infection when infected 
leaves are used as a source of inoculum than when infested soil is used is an indirect type of 
evidence which may indicate that the infection inhibiting power of the infested soil is saturated 
with virus. 

This virus infection-inhibiting power of soil resembles fungistasis of soil (2) in that inhibi- 
tion of virus infection and inhibition of spore germination are directed against pathogens which 
normally inhabit the soil. Fungistasis could logically confer survival value on the fungus spores 
in the absence of susceptible roots, and a similar phenomenon could apply to viruses, though 
the writer knows of no information to support it. 

If the present hypothesis is correct, success in inoculation of roots in soil will increase as 
the ratio of virus to inhibitor (soil) is increased, and perhaps to lesser extent as the ratio of 
roots to soil and to virus is increased. Support for this derives from three sources. As the 
concentration of virus is increased, the amount of infection is increased (6). This could logi- 
cally be a direct dilution effect, but it could be that increasing concentration of virus saturates 
the infection-inhibiting powers of the soil. That infection increases as the ratio of root to soil 
increases is supported by the high TNV infection observed by Frazier (3) when strawberry roots 
extending through the drainage holes of pots of soil contacted the contaminated bench tops. 

Two factors which were not controlled in most of these tests but which are believed to be 
important in infection with TNV are temperature and soil moisture. TNV is favored by temper- 
atures of about 22°C (10) and temperatures much above this prevailed during much of this study. 
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High soil moisture was shown in this study to favor infection, but was uncontrolled in most 
trials and is believed to have been frequently too low for infection. 

According to this study, high infection with TNV can be secured by planting seeds or plants 
in infested soil, or by incubating the inoculated seedlings apart from soil for 2 days before 
planting in soil. These studies do not indicate how natural infection occurs, and no satisfac- 
tory method of inoculating healthy plants in virus-free soil has been devised. The question of 
whether natural inoculation is effected by mechanical means or by means of a living vector is 
unresolved. 
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Q* CROWN ROTS AND BOTRYTIS FLOWER BLIGHT OF STATICE! 


Curtis R. Jackson 


Two species of statice, Limonium sinuatum and L. bonduellii (Plumbaginaceae), are com- 
monly cultivated on a commercial scale in Florida. Approximately 50 acres of a mixture of 
the two species are grown annually. Several serious diseases, apparently unreported on these 
hosts, cause considerable loss to growers throughout the 9-month period (August-April) dur- 
ing which the crop is grown. This report presents symptoms and results of pathogenicity 
studies of the diseases. 


CROWN ROTS 


A rosette growth habit is typical for both host species during all stages of growth and true 
stems are commonly less than 5 inches in length. The numerous leaves radiating from the 
stem are appressed to the soil, forming a dense ground cover that hinders moisture loss from 
the soil. Most large statice plantings are irrigated by seepage from surrounding irrigation 
ditches or buried tiles. Crown rots are serious disease problems and consistently result in an 
estimated 5 to 10% loss of plants during the year. Occasionally losses of 30% have been observed. 

Crown rots are caused by the pathogens Sclerotium rolfsii Sacc. and Rhizoctonia solani 
Kuehn. Isolations from diseased plants generally yield only one of these fungi but both are oc- 
casionally isolatedfroma single plant, The results of a 2-day survey in four separate growing 
areas indicated that both diseases were equally frequent, even within the same field. Field 
symptoms of the diseases are similar and the diseases cannot be reliably distinguished unless 
signs of the pathogen are present. The initial symptom of infection is a slight wilting which be- 
comes progressively more severe until the plant collapses. Concomitantly, the lowermost 
leaves become reddish-brown and die. At this stage in the symptom sequence, the crown of 
the plant decays and the top can be easily removed from the roots (Fig. 1). 

Sclerotium Crown Rot: Initially, the pathogen attacks the leaf petioles and midribs that lie 
on or near the soil, causing watery, reddish lesions. The infection progresses to the petiole 
base and thus to the stem of the plant. Direct infection of crown tissue from the surrounding 
soil also occurs; unilateral infection has rarely been noted. Sclerotia are often produced abun- 
dantly on necrotic surfaces. 

The pathogenicity of three isolates was demonstrated by using sclerotia from pure cultures. 
The sclerotia were placed on the soil surface 3 inches from mature potted plants that were 
misted intermittently. Within 14 days mycelium of the pathogen had grown over the soil sur- 
face, infected the host, and produced sclerotia on the necrotic petioles. Control plants in un- 
infested soil remained healthy. 


FIGURE 1. Sclerotium crown rot of statice showing top of plant which has separated from 
roots at the soil level. 


1 Plorida Agricultural Experiment Station Journal Series, No. 1100. 
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Rhizoctonia Crown Rot: Water-soaked, gray lesions are first seen on leaf petioles and 
midribs lying on or near the soil. The lesions elongate along the petioles to the stem. Direct 
infection of the crown from the surrounding soil occurs less frequently than in the case of S. 
rolfsii and unilateral infections are more common, At times, lysigenous cavities develop in 
the stems of old plants due to the activities of the pathogen. Lower leaf blade infection, which 
is frequently seen, produces irregular, orange, sunken lesions, 2 to 12 mm in diameter, 

The pathogenicity of two isolates of R. solani was demonstrated in the same manner as 
given for S. rolfsii except that 1-cm discs of a PDA culture were used to infest the soil. 

In greenhouse pathogenicity tests, under conditions favorable for growth of both pathogens, 
plants of the two host species were equally susceptible to S. rolfsii and R. solani. The pink, 
white, rose, and lavender varieties of L. sinuatum were also equally susceptible. These re- 
results differ from observations of growers, some of whom aver that the rose or lavender L. 
sinuatum, and L. bonduellii, are unmistakably more susceptible in the field. is 


BOTRYTIS BLIGHT 


A third disease of statice, caused by Botrytis cinerea Fr., has been known to growers 
for many years. The pathogen attacks the inflorescences of plants and rapidly renders them 
commercially valueless. The largest individual planting observed during 1960, in which all 
flowers were infected, was 2.5 acres. 

Symptoms: Infection of inflorescences commonly begins with the collapse and discolora- ie 
tion of the showy membranous calyces and associated interior bracts. The pathogen grows 
rapidly through the compact flower clusters and as flowers dry out they drop from the inflor- 
escence rachis (Fig. 2). The uppermost extensions of the scape wings become infected and 
brown. The infection progresses rapidly downward, eventually killing most of the branches of 
the panicle. Sporulation is abundant on all necrotic surfaces under favorable moisture and tem- 
perature conditions. 


FIGURE 2. Panicle branches of L. bonduellii showing infected flowers and bare branch 
tips on the right and uninfected flowers on the left. 


Lower, large inflorescence branches may develop discrete lesions which eventually girdle 
the branches, leading to the death of all distal portions of the panicle. Such branch lesions are 
slightly depressed, tan to orange, up to 2 cm in length, and show faint dark banding. Sporula- 
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tion is abundant on the necrotic surfaces. 

Growth in Culture: The optimum temperature for growth in vitro was determined by cul- 
turing the fungus in 500-ml Erlenmeyer flasks for 9 days at constant temperatures from 12° to 
36°C in 4°C increments. One-hundred ml of a liquid medium containing V-8 juice, ammon- 
ium nitrate and dibasic potassium phosphate were used in each flask. The contents of each 
flask were collected on a previously weighed filter paper. The dry weight of mycelia was max- 
imum at 20°C and mycelial weight at 16° and 24°C decreased in this order. Weights of my- 
celia at 20°, 16° and 24° were all significantly different at the 5% level from each other and 
from all other temperatures. 

Pathogenicity: Isolates of B. cinerea from infected flowers were obtained in pure culture 
and the conidia were used for inoculation tests. Large bunches of flowers of both species of all 
colors of L. sinuatum were inoculated by atomizing with an aqueous suspension of conidia. 
Flower bunches were immediately placed in large polyethylene bags which were then sealed. 
One such bag and a bagged control bunch which had been sprayed with sterile water were placed 
in each of five constant-temperature chambers. The chambers were maintained at 12°, 16°, 
20°, 24° and 28°C for 3 days, after which disease ratings were made. 

Slight flower infection occurred at 12° and 16°C. Moderate flower infection was noted at 
20° and 28° and heavy infection of flowers, bracts, and scape wings occurred at 24°. Calyces 
of flowers in the control bunch incubated at 28° had become flaccid after 3 days. This condi- 
tion was not found to be due to the pathogen but was apparently caused by incubation under con- 
ditions of high humidity and temperature. All other control bunches appeared normal. Slight 
resistance to infection was displayed by a lavender (Lavender Queen) and a rose variety of L. 
sinuatum., Flowers of L. bonduellii were very susceptible to the pathogen. These suscepti- 
bility ratings are in close agreement with field observations. 


GULF COAST EXPERIMENT STATION, UNIVERSITY OF FLORIDA, 
BRADENTON 
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ye THE SUSCEPTIBILITY OF TWENTY-THREE TREE SPECIES TO BLACK ROOT ROT 
Samuel J. Rowan! 
Abstract 


Seedlings of 22 coniferous and one hardwood tree species were grown in infested 
soil under optimum greenhouse conditions for severe black root rot development. As 
a result of the test, 11 Pinus species were rated susceptible. Pinus glabra was the 
only pine classified as highly resistant. Three other coniferous species and Liquid- 
ambar styraciflua were rated as immune, two conifers were highly resistant, and the 
seedlings of six coniferous species died from severe root rot and/or high soil temper- 
ature before completion of the test. ' 


Reports of root rots affecting seedlings in a number of southern forest nurseries have been 
conflicting in regard to the relative susceptibility of species. In a report of the root rot that 
occurred at the Ashe Nursery in Brooklyn, Mississippi, Henry (1) stated that slash pine was 
relatively tolerant to the disease, but loblolly, longleaf, and shortleaf pines were seriously af- 
fected. In a survey of southern nurseries Hodges (2) reported slash and loblolly pines as the 
species most seriously affected by black root rot. His observations over a wider area partial- i 
ly reflect the relative abundance of these two species in southern nurseries and leave the rela- 
tive susceptibility of different species under identical conditions in doubt. The black root rot 
referred to herein is described in detail by Henry (1) and Hodges (2). 

This study was made to determine which species were more seriously affected and which, 
if any, could be grown successfully in soils known to have a high black root rot potential. 


EXPERIMENTAL PROCEDURE 


In February 1959, 115 six-inch clay pots, enough for five replications for each species, 
were filled with soil from areas in the Horseshoe Bend Nursery, Glenwood, Georgia, known to 
be heavily infested with Sclerotium bataticola Taub. and Fusarium spp., the organisms causing 
black root rot. The following species were established in pots in a greenhouse: Pinus elliottii, 
P. palustris, P. taeda, P. echinata, P. strobus, P. resinosa, P. serotina, P. clausa, P. edu- 


lis, P. glabra, P. taeda x echinata (F-2 hybrid), P. halepensis, — P. ~ laricio, A maritima, ay 
virginiana, Juniperus virginiana, Chamaecyparis t thyoides , Cupressus arizonica, Taxodium 
distichum, Pseudotsuga menziesii, Abies fraseri, Picea engelmannii,and Liquidambar styraci- 
flua, All pots were buried to within 1 inch of their tops in the bench soil. 

After 1 month, seedlings were thinned to five per pot and the temperature of the bench soil 
increased to 85° to 90°F with heating cables. This temperature range was maintained through- 
out the experiment to provide optimum conditions for infection by the root rot fungi (2). 

After 9 months the numbers surviving and root rot index (anarbitrary scale from 0 to 9repre- 
senting the percentage of the root system occupied by lesions, with a rating of 9 equaling 100% 
infection) were recorded. Four root pieces were selected from four plants of each species, 
surface sterilized for 1 minute with a 5.25% solution of sodium hypochlorite, and plated on po- 
tato-dextrose agar. The number of root pieces yielding Fusarium spp. and/or Sclerotium bata- 
ticola was recorded after incubation at room temperature for 4 days. 


RESULTS AND DISCUSSION 


The root systems of the four species rated as immune (Table 1) were well developed and 
failed to show any signs of damage due to black root rot. The fact that Fusarium spp. were iso- 
lated from two species in the immune group might be explained by incomplete surface steriliza- 
tion, 

Pinus glabra, which was rated as highly resistant, was the only one of 12 pine species 
which did not suffer serious root damage. The other 11 species of pines, which include all of , 
the species grown on a large scale in southern nurseries, were rated susceptible to black root 
rot. Of the four most important southern species, slash pine was rated least susceptible, with 
a root rot index of 5.28. Longleaf pine was rated second, with an index of 8, 20; and loblolly 
and shortleaf pines were rated most susceptible, with a 9.00 index. 

Plant Pathologist, U. S. Forest Service, Macon, Georgia in cooperation with the Georgia Forest 
Research Council, 
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Table 1. Relative susceptibility of certain tree species to black root rot, 


Root rot : Ty : Seedling roots yielding: 
: index : seedling : Fusarium spp, : S. bataticola 
Species : (rating) survival =: (%) (%) 

Immune species: 
Cupressus arizonica 0.00 68 25 0 
Taxodium distichum 0.00 100 25 0 
Chamaecyparis thyoides 0.00 100 0 0 
Liquidambar styraciflua 0.00 100 0 0 
Highly resistant species: 
Juniperus virginiana Lav 100 25 0 
Pinus glabra 2.64 100 25 0 
Susceptible species: 
Pinus elliottii 5.28 96 100 0 
Pinus taeda x echinata 

(F-2 hybrid) 7.00 100 100 0 
Pinus palustris 8.20 76 100 0 
Pinus maritima 8.85 88 75 0 
Pinus virginiana 9.00 100 100 0 
Pinus serotina 9.00 44 100 0 
Pinus clausa 9.00 Qe 100 25 
Pinus halepensis 9,00 64 100 75 
Pinus taeda 9.00 88 100 50 
Pinus echinata 9.00 28 100 0 
Pinus laricio 9,00 20 100 50 
Species which failed to survive: 
Abies fraseri 9.00 0 75 25 
Pseudotsuga menziesii 9.00 0 75 25 
Picea engelmannii 9.00 0 100 25 
Pinus strobus 9,00 0 100 0 
Pinus resinosa 9,00 0 100 0 
Pinus edulis 9.00 0 100 0 


Even though the differing species have been listed in order of their respective susceptibili- 
ties to black root rot in this report, their susceptibility may change with changing environmen- 
tal conditions. A lower soil temperature, for example, may enable certain species to resist 
the pathogens more effectively than other species. While the cause of death of those species 
which died before completion of the study was not determined, the root symptoms indicated se- 
vere root infection. 

The presence of Fusarium spp, on the species listed as immune, or the absence of S, bata- 
ticola on the susceptible species, as indicated by isolations does not necessarily indicate the 
relative pathogenicity or abundance of the root rot fungi. Since S. bataticola damages the roots 
from the outside without entering the root proper (2), surface sterilization is very likely to 
eliminate it from root pieces, The presence of a Fusarium on root pieces may be an indication 
of the lack of complete surface sterilization, recontamination, or the susceptibility of the plant 
to fungal attack. However, isolation of the root rot fungi from root pieces does show that the 
fungi were present and root rot symptoms indicate their presence in sufficient quantities to 
cause black root rot. 

In nursery areas where black root rot is prevalent, only spruce pine can be grown with any 
assurance of obtaining a successful pine crop, without soil fumigation. Redcedar, or any of the 
species listed as "immune, " may also be grown in black root rot infested soil with success, but 
all of the tree species listed as "susceptible, ' including slash pine, must be considered too suscepti- 
ble to be grown in soil with a high black root rot potential unless the beds are fumigated prior to sowing. 
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“ A METHOD OF EVALUATING FUNGICIDES IN THE SOIL UNDER 
CONTROLLED CONDITIONS 


J. H. Reinhart! 
Abstract 


A test of potential soil fungicides using Fusarium oxysporum f. cucumerinum 
and cucumber plants as the host-disease complex has been developed. Rigid control 
of environmental factors and a new method of data calculation result in high repro- 
ducibility and simplicity of technique. The method is particularly adapted to compar- 
ison of closely related compounds of similar fungitoxic activities. 


Methods to evaluate chemicals for use as soil fungicides have received much attention in 
recent years and several techniques have been developed. Arndt (1) tested chemicals for con- 
trol of Rhizoctonia incited damping-off of cotton in artificially infested sand. Kendrick and Mid- 
dleton (9) and Zentmyer (15) have developed testing techniques for evaluating chemicals ona 
laboratory scale which have become standard methods in soil fungicide studies. Methods of 
testing chemicals in-the-furrow on a greenhouse scale have been described by Sinclair (12, 13) 
and Ranney and Bird (11). A discussion of the use of several test methods and their interpre- 
tation relating to fungicide performance has recently been presented by Domsch (7). 

The greenhouse test methods employing pathogen and host plant in soil have been developed 
primarily for evaluation of a small number of compounds which are nearly ready for fieldtesting. 
For the purpose of screening a large number of candidate chemicals which, in some cases, do 
not differ greatly in activity, a method has been developed which is simple to conduct and is 
highly reproducible. The advantages of the method from a screening standpoint are that it pro- 
duces the same high incidence of disease in each test, and yields reproducible disease control 
by a given chemical. The numerical values used to express chemical effectiveness permit valid 
comparisons between tests using a single expression which bears a constant relation of chemi- 
cal effectiveness. 

The method to be described involves the use of the Fusarium disease of cucumber, which 
has proven most satisfactory in our laboratory. The technique is a modified version of one de- 
veloped by investigators at the Ohio State University Research Foundation. 


METHODS 


The pathogen used is Fusarium oxysporum f. cucumerinum with Early Green Prolific cu- 
cumber as the host plant. The organism is grown on sterilized oats in 1/2-pint milk bottles. 
Seventy-five grams of oats plus 53 milliliters of water are autoclaved in each bottle and in- 
fested with 1-2 grains of oats from a previous culture. These cultures are ready for use after 
10 to 14 days' incubation at 25°C. 

The chemical to be tested is formulated as a 10% dust using a mixture of pyrophyllite (Py- 
rax ABB) and synthetic calcium silicate (Micro-Cel) (8:1) as a diluent. Formulation is accom- 
plished by simple blending of ingredients in 8-ounce ointment jars with six to eight 3/4-inchcer- 
amic balls on a jar-roller; or, in the case of tacky or liquid materials, by impregnating a sol- 
vent containing the chemical on the diluent, evaporating the solvent, and blending in jars as 
above. 

In any single test a chemical may be tested at one or several concentrations. For any one 
concentration 3000 g of air-dried, steam sterilized soil plus 60 ml of water are placed in an8- 
quart Patterson-Kelley intensifier model shell blender. It has been found that the water pre- 
vents the annoyance of dust in subsequent operations and results in soil of suitable consistency 
for easy handling. To this 3000 g of soil are also added 18 g of the 10- to 14-day-old oat cul- 
ture of the pathogen. Finally, the 10% dust formulation of chemical is added in the amount re- 
quired to give the desired concentration based on the dry weight of the soil. This mixture is 
blended for 3 minutes. In each test, similar portions of soil lacking chemical and with and with- 
out the Fusarium oat culture are blended to serve as infested and uninfested controls. 


1pjant Physiologist, Olin Mathieson Chemical Corporation, Port Jefferson Station, New York. 
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From 3000 g of dry soil thus treated, 660 g are placed in each of three pint paper contain- 
ers2. The soil is tamped flat, and 15 cucumber seeds are put into each container. The seeds 
are covered with 140 g of soil from the remainder of the original 3000 g. Three containers 
are prepared for eachtreatment. The soil is compacted over the seeds and the containers are 
placed in a constant environment room under fluorescent lights at a temperature of 80°F, the 
optimum for development of Fusarium wilt symptoms (2,4,10). One hundred ml of water are 
added to each container to bring the moisture content to 80% of field capacity for the particular 
soil which we use, a mixture of sand and sandy loam. Each container is weighed daily, and 
when its weight is less than 838 g, or 30% of field capacity, water is added to bring it back to 
the 50% of field capacity. Thus, the soil moisture content of the containers is kept in the range 
of the optimum for development of the organism (14). 

In this test, no pre-emergence damping-off occurs. Fusarium damage is evidenced en- 
tirely as post-emergence seedling wilt. Each test is terminated when the stand in the infested 
controls has diminishedto 10to15%. Thisis routinely 15 to 20 days after the test has been set up. 

At this time the stand of living, and apparently healthy, plants in each container is recorded. 
The total stand for each treatment is calculated. Using each of the three containers in each 
treatment as a replicate, an analysis of variance can be made. However, this is not ordinarily 
done, as the replicates usually agree very closely. 

The percentage stand based on the total seeds planted is calculated. Then the percentage 
kill attributable to the fungus in each treatment (including infested control) is calculated accord- 
ing to the following formula: 

A - B 
100 


Where A = % stand in uninfested controls 
B = % stand in treatment 


The percentage control by any chemical treatment is then calculated by the formula3: 


x 100 
Where C = % kill in infested control 
D = % kill in chemical treatment 


DISCUSSION 


The efficiency and reproducibility of the method depend primarily upon the manipulations 
required to keep the environmental factors of moisture and temperature equal in all containers 
in atest. The weighing of the soil at each stage of setting-up of the test is facilitated if a di- 
rect reading balance is available, although an Ohaus triple beam balance has proven satisfac- 
tory. The additional effort required to perform these weighings, and those attendant on the 
daily waterings, is compensated by the high reproducibility of results, the very infrequent oc- 
currence of test failures, and the reduction in number of replicates required. 

It is probably true that the addition of an amount of water to the pint containers to bring the 
entire soil volume to 50% of field capacity does not actually accomplish this because the upper 
level of soil is close to saturation while the lower portion is below the desired moisture content. 
However, in practice, the technique has given satisfactory results, and the important factor is 
uniformity of moisture levels among containers. 

-In testing new chemicals, it is advisable to include an uninfested, but chemically treated 
series. The results of such treatments are not included in calculation of disease control, but 
serve as measure of phytotoxicity. If stand reductions occur in these treatments, it is known 
that apparent lack of control in infested treatments may be due to chemical toxicity and lower 
chemical concentrations should be tested to determine if adequate disease control is obtained 


2Sealtest Nestrite containers No. 1716-S may be used. Waxed containers are preferable because 
they minimize water loss, but unwaxed ones can be used satisfactorily. 

3The writer wishes to acknowledge the assistance of Mr. David Shermer in developing the method of 
calculation of disease control. 
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at non-phytotoxic rates. 

A particularly important feature of the method is the manner of calculating the disease 
control, which can be applied to tests run by any technique as long as chemically treated infest- 
ed soil, untreated infested soil, and untreated sterile soil are included in the test. 

The problems encountered in the interpretation of data from testing of the action of furni- 
gants against pathogens in the soil have been discussed by Bald and Jefferson (3). While their 
discussion deals with tests conducted under field conditions, the factors responsible for vari- 
ability in their work are important in controlled studies in the laboratory. They point out that 
variability in results may derive from the presence of more than one pathogen with resulting 
interactions, the variation in inoculum or level of infestation in the soil and the heterogeneous j 
mixing of chemical throughout the soil medium. In addition, chemicals which may appear quite 
effective under conditions of moderate infestation may fail to give adequate control where inoc- 
ulum potential is greatly increased. Each of these factors has been considered in the develop- 
ment of this method and the techniques are designed to control each variable. The use of 
steam-sterilized soil assures the presence of only one pathogen; the careful measurement of 
added inoculum and control of moisture level and temperature result in a standard and high in- 
festation level; and mixing of chemical with soil mechanically in a standard manner leads to \ 
homogeneous distribution in the soil. It has been found that control of these factors is ex- 
tremely important for reproducibility. 

The importance of the method of calculation of results lies in the fact that the percentage 
control value is an expression of the effect of the chemical in preventing development of disease 
among the portion of the plant population which would become diseased due to the added pathogen. 
In a population of seeds planted under circumstances in which disease will develop, there are 
three possible classes of individuals: 1) those which would not survive due to causes other than 
the pathogen -- the demise of this group is sometimes termed "natural mortality;" 2) the group 
which dies due to the direct cause of the pathogen; and 3) the group which survives despite the 
presence of the pathogen. Since the percentages of plants in groups 1 and 3 usually vary from 
test to test, any value based upon total survival of normal plants will not give a true comparison 
of chemical effect between tests. The important value is a measure of the number of plants 
which survive which would have been diseased if the chemical had not been present. By deter- 
mining percentage kill by Formula 1 the "natural mortality" factor is eliminated. Then calcu- 
lating percentage control as related to the percentage kill in the infested checks by Formula 2, 

a true value for chemical performance is obtained which is not affected by the number of plants 
which would have survived even though the chemical was not present. 


Table 1. Reproducibility of test data in four tests of the manganese salt of pyridinethione® for 
control of Fusarium wilt of cucumber. 


Test Concentration Total % Go % 
number Chemical (ppm) stand stand kill control 
1 Mn salt of pyridinethione 50 39 87 11 87 
do. 25 33 73 26 70 
Infested check oo 6 13 86 -- 
Uninfested check -- 44 98 -- -- i 
2 Mn salt of pyridinethione 50 39 87 ii 87 
do. 25 33 73 26 70 
do. 12.5 33 73 26 70 i 
Infested check -- 6 13 86 as 
Uninfested check -- 44 98 oe -- 
3 Mn salt of pyridinethione 50 30 67 26 70 
do. a5 28 62 32 64 
Infested check -- 5 ll 88 -- 
Uninfested check -- 41 91 -- -- 
4 Mn salt of pyridinethione 25 31 69 21 76 
do. 12.5 23 51 41 53 
Infested check § 1l 87 2 
Uninfested check -- 39 87 


&Manganese Omadine. 
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FIGURE 1. Dosage-response - Control of Fusarium disease of 
cucumber by zinc salt of pyridinethione, 


The results of four tests for Fusarium control by the manganese salt of 2 
1- oxide (Manganese Omadine (5)) are presented in Table 1. 
disease control values which are highly reproducible can be 
laboratory conditions. This requires careful control of environmental factors and calculation 
of results in a way which eliminates individuals in "natural mortality" and "survivor" groups. 

Dosage-response curves are commonly used for comparing activities of chemicals as fo- 
liar fungicides. The theory and application of dosage ~response curves plotted on logarithmic 
probability paper are discussed by Bliss (6) and their application to studies of fungicides has 
been reviewed by Horsfall (8). While no detailed statistical study of the application of dosage- 
response curves to data obtained by this method has been carried out, plotting of the data on 
log-probit paper has been useful in comparing the fungitoxicity of several compounds. Atypical 
dosage -response for the zinc salt of pyridinethione (5) is illustrated in Figure 1. 


-pyridinethiol- 
The data illustrate that relative 
obtained against Fusarium under 
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HEAT-INDUCED STOLON ROT OF LADINO WHITE CLOVER IN THE GREENHOUSE! 


R. A. Kilpatrick2 
Abstract 


Ladino white clover stolons were exposed to temperatures, increasing from 20° 
to 53°C, for 10 minutes. Stolon injury, comparable to that found in the field, was re- 
produced artificially. Plants placed in a moist chamber developed severe stolon rot 
following the initial heat injury. A complex of soil-borne fungi appear to be secon- 
dary invaders in the problem of stolon rots of Ladino white clover. 


INTRODUCTION 


Injury to and rotting of Ladino white clover (Trifolium repens) stolons is most common 
during the summer months. Garren (1) found that stolon injury increased appreciably follow- 
ing exposure to high temperatures. Since 1955, observations on space-planted Ladino clover 
in New England have indicated that stolon injury is first observed in July. In August the rot- 
ting becomes progressively worse until stolons are severed from the mother plant or killed. 
Tissues cultured from rotted stolons have yielded a complex of soil-borne fungi (1,2). Bleached 
or lightly discolored tissues plated on agar failed to yield fungus colonies. 

Symptoms vary according to time of year. During mid-summer, in New Hampshire, a 
bleached or blistered area is first noticeable on the stolon surface exposed to the sun. Later 
the bleached area turns brown and rots. The lower surface of stolons in contact with soil re- 
mains green and appears healthy in early stages. Symptoms are most commonly found on scat- 
tered plants, whereas those growing in a mixed stand seldom show this type of stolon injury. 
The symptoms suggest that solar radiation’ is the causal agent inciting the stolon injury and that 
fungi are of secondary importance. 

This study was initiated to determine if: 1) similar stolon injury could be artificially in- 
duced with heat, and 2) rotting of stolons would develop following the initial injury. 


MATERIALS AND METHODS 


Clonal cuttings of Ladino white clover were transplanted to flats containing a greenhouse 
potting soil. Vigorously growing plants were permitted to develop stolons 8 to 10 inches long. 
Approximately 2 weeks before heat treatment, plants were divided into two groups. Water was 
withheld from one group of plants until they wilted (3 to 5 days); the other group was watered 
daily. Stolons were exposed to heat from an American Optical Company lamp, model 370. The 
lamp was set approximately 4 to 5 inches from the stolons (Fig. 1). The diameter of the light- 
exposed area was 2 to 3 inches. A thermometer was placed in the center of the light ray on 
the stolon and surface temperatures were recorded at 1-minute intervals. Stolons were ex- 
posed to progressively greater temperatures from 29°C for 1 minute to 53° for 10 minutes 
(Table 1). After exposure, plants were placed in a moist chamber (28°) with 100% relative hu- 
midity at night-time only. Even though desiccation of exposed areas was visible within 24 hours, 
final readings were not made until 13 days later. Isolations were made from rotted tissues at 
the time of final observation. The tests were replicated’6 to 10 times. Results were confirmed 
by a similar test on different clones. 


RESULTS 


Injury to stolons was evident 1 hour after exposure to 53°C for 10 minutes. Stolons were 
blistered and started to shrivel in treated areas. Three to 5 days later discoloration and rot- 
ting were evident, especially on the upper surface. Rotting progressed rapidly in all plants 
maintained under high humidity, whereas low humidity retarded development of diseased areas. 


1Cooperative investigations of the Crops Research Division, Agricultural Research Service, United 
States Department of Agriculture and Departments of Botany and Agronomy, New Hampshire Agri- 
cultural Experiment Station, Durham. Published with the approval of the Director of the New Hamp- 
shire Agricultural Experiment Station as Scientific Contribution No. 253. 

2Plant Pathologist, Crops Research Division, Agricultural Research Service, United States De- 
partment of Agriculture. 
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FIGURE 1. American Optical 
Company microscope lamp used for 
inducing stolon injury of Ladino white 
clover. Note thermometer resting on 


the stolon. 

Table 1. Average temperatures of external Wilted plants were more sensitive to 
surface of stolons during 10-minute heat injury than non-wilted plants. In an 
exposure@, earlier test, severely wilted plants showed 

blistering following 5-minutes' continuous 

Exposure time Temperature exposure to 33°C. In the same test, non- 

(in minutes) (°C) wilted plants required 2 hours' exposure at 
Initiation 29 comparable temperature to initiate injury. 
1 38 Isolation from discolored tissues was 
2 43 made on potato-dextrose agar. A complex 
3 46 of soil-borne fungi were obtained, including 
4 49 Fusarium spp., Rhizoctonia sp., Colleto- 
5 50 trichum destructivum O'Gara, Trichoderma 
6 51 sp., and others. 
7 52 The age of stolon tissue appeared to in- 
8 52 fluence the time required for initial injury. 
9 53 Internodes nearest the growing tip of a stolon 
10 53 were less sensitive to heat than those 6 to 7 
aAverage of 10 replications. inches from the tip. In all cases, the sur- 


vival of stolons depended on the amount of 
nodal rooting and the condition favoring growth of plants, 


DISCUSSION 


The results support the theory that solar radiation is a primary factor in deterioration of 
Ladino clover stolons. It is further supported by failure to obtain fungi from lightly discolored 
stolons in the field. 

Temperatures used to induce injury were obtained in a shorter period in the greenhouse than 
those occurring inthe field. However, soil temperatures of 30° to 40°C are not uncommon during the 
summer in New Hampshire. 

Relative humidity also plays an important role in development of stolonrots. Under New Hamp- 
shire conditions, the maximum daily relative humidity for April to October, 1957 to 1959, varied 
from 96 to 100%. Since the spores and/or mycelium of the complex of soil-borne fungi are commonly 
found on stolons, the high humidity would favor germination and growth of the fungi, and subsequent 
rotfing of stolons. 
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TWO SERIOUS FOLIAGE DISEASES OF WESTERN WHITE PINE IN THE INLAND EMPIRE! 


Charles Gardner Shaw2 and Charles D. Leaphart? 
Abstract 


Two diseases not previously differentiated are reported on western white pine 
from Idaho. Needle cast, caused by Hypodermella arcuata Darker, occurs primarily 
in the upper crown. Needle blight, with which a species of Lecanosticta is associated, 
is most prevalent in the lower crowns of infected trees. The sequence of development 
of symptoms and of the associated organisms is outlined for the two diseases. 


For the past several years foresters in the Inland Empire have been increasingly con- 
cerned about discoloration of the foliage and crown deterioration of western white pine (Pinus 
monticola). A preliminary report on observations made during 1958 has been published (3). 
Since June of 1959 the authors have made repeated observations of these disorders in western 
white pine stands of northern Idaho. The field investigations have been supplemented by many 
collections of diseased foliage which have been studied microscopically, 
ous observations (3) have been clarified to a considerable extent. 

Two distinct diseases, not previously differentiated, are involved. They may occur as a 
complex on a single tree or separately on different trees. The two diseases, one primarily 
associated with the upper crown and the other with the lower crown, will be discussed individ- 
ually as needle cast and as needle blight, respectively. 


Consequently, previ- 


NEEDLE CAST 


Symptoms: The middle and upper crowns of white pine in many pole size to mature stands 
show a tan brown to reddish discoloration during the growing season (Fig. 1A). The proportion 
of the crown involved varies considerably from tree to tree. In severely diseased trees the 
discolored area is somewhat conical, with the terminal leader at the apex, and involves all 
branches of the upper crown and portions of branches in the middle crown, If only this dis- 
ease is present, the lower crown uSually appears healthy. 


FIGURE 1. Needle cast 
of western white pine. A -- 
Upper crown of tree infected 
with Hypodermella arcuata 
Darker; healthy tree in the 
background. B -- Transverse 
section of a subhypodermal 
hysterothecium of H. arcuata. 
C -- Ascospores of H. arcuata, 


TScientific Paper No. 1972, Washington Agricultural Experiment Station, Pullman, Washington. 
Project No. 9061, The cooperation of Potlatch Forests, Inc., Lewiston, Idaho, is gratefully 
acknowledged. 

2Professor and Plant Pathologist, Department of Plant Pathology, Washington State University, 
Pullman. 

3Plant Pathologist, Intermountain Forest and Range Experiment Station, Forest Service, United 
States Department of Agriculture, Ogden, Utah; stationed at field research center, Spokane, Wash- 
ington. 
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The intensity of discoloration in the crowns of trees showing symptoms just described is 
correlated with the percentage of individually discolored needles. The affected needles are 
always those of the previous growing season. From one to all five needles in a fascicle may 
be discolored. Characteristically, they are brown for their entire length. 

After the discolored needles are cast in the late fall, the remaining foliage is green and 
apparently healthy. However, the upper crowns of badly diseased trees are thin. The branch 
terminals have a "lion's tail’ resulting from the contrast between the full complement of cur- 
rent season's foliage at the branch terminal and the denudation of the remainder of the branch 
by the needle cast. Frequently the defoliation is so severe that only the current season's need 
dles remain in the upper crowns. In some white pine stands severe casting of needles has oc- 
curred for three or more successive years. 

The Fungus: A needle cast fungus has been found consistently on needles showing these 
symptoms. The fruiting structures are present on every discolored needle and form an inter-. 
rupted to almost continuous raised line along the dorsal (outer) face of the needle. The erum- 
pent hysterothecia are concolorous to gray brown and slightly darker than the uniform light 
brown of the rest of the infected needle. 

The hysterothecia are subhypodermal in position (Fig. 1B). The morphology of the asci 
and ascospores (Fig. 1C) definitely place the fungus in the genus Hypodermella. The fungus 
agrees in all its characters with H. arcuata Darker (2). H. arcuata previously has been re- 
ported only on sugar pine, Pinus lambertiana, from Oregon and California (2, 9). Apparently, 
even on this host, the fungus has been collected only occasionally. 

Prevalence of the fungus in 1959, the evidence of casting in previous years, and published 
records of Hypodermella on this host(4, 7, 9) suggested that the fungus might have been collect- 
ed previously on P. monticola. Hedgcock (4) reported H. sulcigena (Link) Tub. on P. mon- 
ticola from Washington. Darker (2) considered H. sulcigena European in its distribution and 
consequently Hedgcock's record was transposed to H. montivaga (Petr.) Dearn. in the Host 
Fungus Index for the Pacific Northwest (7). Darker emphasized the similarity of H. sulcigena, 
H. montivaga, and H. arcuata. Therefore, collections of needle cast fungi on western white 
pine contained in the National Fungus Collections, United States Department of Agriculture, 
Beltsville, Maryland were obtained on loan. No collections of H. _arcuata on western white 
pine were found in this material. 

Sequence of Development: Needle discoloration first appears in the spring of the year 
(April) and becomes increasingly conspicuous during May and early June. Hysterothecia are 
differentiated on the discolored needles during May and are apparent by mid-Jure, when the 
infected needles are approximately 13 months” old. Subsequent elongation of the current sea- 
son's needles progressively obscures the discoloration during the growing season. 

The hysterothecia mature during July and August. The time depends to some extent on the 
locality and the site. Water mounts of hysterothecia collected between mid-July and late 
August characteristically contain abundant ascospores free from the asci as well as many asci 
still containing ascospores. Similar mounts from hysterothecia collected in September and early 
October contain very few free ascospores, and the asci that can still be discerned are empty. 

Casting of the needles is apparently correlated with completion of spore production and 
discharge. Few infected needles can be observed still attached in October. Needles bearing 
hysterothecia have been found on the ground as late as the first week in December. No asco- 
spores were present in mounts made from these needles. 

Needles of the current season show no signs or symptoms during the growing season or the 
following fall and winter. However, needle infection probably occurs between mid-July and 
early September when the needles are 2 to 5 months aa. Bagging studies presently under way 
will further pinpoint the infection period. 


NEEDLE BLIGHT 


Symptoms: Many stands of western white pine show discoloration and deterioration pri- 
marily of the lower crown (Fig. 2A), in contrast to the symptoms of H. arcuata, Of the various 
descriptive names applied to this condition, needle blight of western white pine seems the most 
appropriate. 


4The authors thank John A. Stevensonand C, R. Benjamin for making this material available. 
SNeedle ages are stated in months for precision. Although the time at which needle elongation 
commences varies as much as a month or more inthe Inland Empire, mid-May is an approximate 
date for the beginning of the process. 
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FIGURE 2. Needle 
blight of western white 
pine. A -- Pole size 
tree showing symptoms 
of severe needle blight. 
B -- Transverse section 
of stromatic fructifica- 
tion of Lecanosticta sp., 
found associated with 
needle blight. C -- 
Conidia of Lecanosticta 
sp. 


During the summer months (July through September) the current season's foliage (needles 
2 to 4 months old) is apparently healthy, except that on severely diseased trees these needles 
may be shorter than normal. Varying percentages of the needles from the previous growing 
season (needles 14 to 16 months old) on diseased trees possess reddish brown tips, involving 
from one-fifth to as much as one-third of the total needle length. Both the color and the pro- 
portion of the needle discolored distinguish this disease from that caused by H. arcuata, Two- 
year-old diseased needles (26 to 28 months old) are red-brown for their entire length and most 
of them are retained. Every needle belonging to this age class that is still attached is discol- 
ored. On some trees exhibiting these symptoms all of the needles of the 3-year-old class and 
older (38 to 40 months old or older) have been cast. On other trees all or most of these older 
needles, although dead, are retained and are bleached a grayish white. 

From a distance diseased trees may exhibit two extremes in appearance, as well as gra- 
dations between these extremes, depending on whether the older, dead needles are retained or 
not. If the older gray needles have been shed, the lower crown appears thin and scrawny and 
shows a reddish discoloration. If retained, the lower crown appears extremely ragged and 
hoary gray. 

Needle blight is most frequently encountered in pole size and younger stands, but is also 
found in mature stands. Furthermore, although the symptoms are usually restricted to the 
lower crown, they extend into the middle crown and even the upper crown in some trees. In 
these cases, however, the symptom pattern is the reverse of that caused by H. arcuata. Com- 
parison of the two diseases gives the distinct impression that the more severe the needle cast, 
the farther down into the middle and lower crown it extends, while the more severe the blight, 
the farther up it extends into the middle and upper crown. Both the needle cast and the blight 
are present in varying degrees of severity in numerous areas. In such stands, both diseases 
are frequently present on the same trees and may mix in midcrown, 

Symptom Development: During the fall, essentially no change in color occurs in trees af- 
fected by needle blight. By mid-December, however, on apparently more exposed sites, the 
discoloration on some 1 1/2-year-old needles (19 months) begins to extend toward the bases of 
the needles. Discoloration of the basal portions of diseased needles is initially lighter in color 
than that of the tip. During January, February, and March the progressive discoloration of 
the needles of this age class becomes more obvious and the color becomes a deeper reddish 
brown. The extension of discoloration to the bases of needles is most apparent on diseased 
trees in the open, on edges of stands, and on sites with exposures to the south and southwest. 
In more dense stands needles of this age class (22 months old in mid-March) still show tip dis- 
coloration only. 

By early April these needles (now 23 months old) are discolored to their bases on practical- 
ly all sites, For the first time, discoloration is also found on needles of the previous growing 
season (11 months old). Discoloration of the latter is initially light brownandcharacteristically 
involves only the needle tip. By June the needle tips are red brown, 


Vol. 44, No. 8--PLANT DISEASE REPORTER--Aug. 15, 1960 657 ; 
1a, 
1e 
i 4 
y 
ous : 


658 Vol. 44, No. 8--PLANT DISEASE REPORTER--Aug. 15, 1960 


The Fungus: Although several species of fungi are found on blighted needles, particularly 
on the older bleached ones, only one fungus has been found consistently associated with these 
symptoms. This fungus is usually the only one apparent on needles 11 to 13 months old on which 
the discoloration is restricted to the tip. As the discoloration extends down the needles, ad- 
ditional fructifications of this fungus appear on the newly discolored areas. The minute, elon- 
gate, black, erumpent, stromatic fructifications (Fig. 2B) are just discernible to the naked 
eye. 

The close association of this fungus with the symptoms described was further indicated 
by placing diseased branches collected in January and March in water in Erlenmeyer flasks 
in the greenhouse, When collected, the needles of the previous growing season (8 to 10 months 
old) showed no symptoms. After 23 days for specimens collected in January and 15 days for 
specimens collected in early March, the tips of some of the needles of the previous growing 
season had discolored. The stromata of this fungus were present on the discolored tips; no 
other fungi were seen. The symptoms and fructifications developed as a result of forcing 
were comparable in every respect with those that developed later (in April) on needles of the 
Same age class in diseased stands. 

Comparison of the fungus with similar organisms reported on the needles of Pinus spp. 

(5, 8) indicates that it is similar to Lecanosticta acicola (Thuem.) Syd. (8, 10). Specimens 
were sent to Paul V. Siggers (8) and John S. Boyce, Jr. (1) for examination. Both concurred 
in the tentative identification of the fungus as a species of Lecanosticta. 

A description of the fungus follows: Stromata black, ellipsoid to elliptic in outline, 0, 3- 
1.3 x 0,15-0.3 mm, oriented parallel to the longitudinal axis of the needle, subhypodermal 
in origin, becoming erumpent by an elongate slit and lifting the host hypodermis and epidermis, 
which remain intact and laterally attached as a flap, in cross section appearing blackish 
brown at the base and fading to light yellow brown above, 80-140pin height, plectenchymatous, 
composed of upright, septate conidiophores; conidiophores darker at the base and composed of 
shorter, stouter cells basally, lighter in color and thinner above; conidia produced apically on 
the conidiophores and superficially on the stroma, agglutinated and dispersing slowly in water, 
at first hyaline, becoming light yellow-brown, scolecosporous, continuous to 3-5 septate, 
curved or rarely straight, variable in length, 35-66 x 3,0-4.2u and with the ends attenuate 
rounded in some collections, 23-43 x 3.5-4.2u and apically rounded and basally bluntly trun- 
cate in other collections (Fig. 2C). 

Sporulating stromata of this fungus have been found on needles from 10 to 28 months of 
age. Sporulation is more profuse on needles 10 to 15 months old, and becomes sparser on old- 
er needles. Although the stromata are conspicuous on bleached, 36-months-old and older 
needles no sporulation has been found on them, 

The spores of the fungus on western white pine (Fig. 2C) do not become darker than yellow 
brown, while those of L. acicola become olive brown to "smoky" when mature, The shorter, 
stouter spores found in some collections on western white pine agree in size and shape with 
those of L. acicola. better than do the longer spores. The stromata of the western fungus are 
more robust and of greater height than those encountered with the Lecanosticta stage of Scir- 
rhia acicola (Dearn.) Siggers. Repeated attempts to find an ascigerous stage associated with 
the stromata of our fungus have been unsuccessful. For these reasons, the fungus is assigned 
to the genus Lecanosticta, but it is not referred to L. acicola, 

A collection from Pinus strobus planted in Montana agrees in all details with those from 
Pinus monticola. The Montana collection has particular interest in view of the recent report 
by Boyce (1) of L. acicola on eastern white pine in North Carolina, Furthermore, the symp- 
toms reported by Boyce are similar to those observed on Pinus monticola and P, strobus in 
the West. 

In addition to the fungus identified as Lecanosticta sp., several other fungi have been en- 
countered frequently but not consistently on blighted foliage. Study of these organisms, and of 
the Lecanosticta as well, is continuing. 

One species of aphid belonging to the genus Pineus (3) also has been found frequently in as- 
sociation with needle blight of western white pine. The significance of the aphid in the blight 
complex remains to be determined. But the sequence of symptom development reported.here- 
in would seem to exclude the aphid as the primary factor responsible for needle blight. 

Denton and Leaphart (3) also reported the occurrence of cankers on the 1956 and older 
twig growth. While old cankers are still discernible, new cankers have not developed either 
on the older growth or on twig growth of subsequent years. Consequently, there seems to be 
no correlation of the cankers with the blighting of the needles during the past 3 years. Molnar 


and Silver (6) have recently reported the association of Aureobasidium pullulans (d By.) Arnaud 


(=Pullularia pullulans (d By.) Berk. ) with similar cankers on western white pine. 
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a A PRELIMINARY REPORT ON THE USE OF PIMARICIN IN THE ISOLATION OF 
PHYTOPHTHORA SPP. FROM ROOT TISSUES! 


J. W. Eckert and Peter H. Tsao 


Rapid development of secondary fungi and bacteria often limits the usefulness of agar media 
for isolation of Phytophthora species from root tissues. A simple means of suppressing growth 
of these contaminants, without adversely affecting the development of Phytophthora species, 
could be advantageously used for both routine diagnosis and surveys involving root rot problems. 

Published antifungal spectra of two of the tetraene antibiotics, nystatin (2, 3) and pimari- 
cin (3, 4), suggested that these materials might be useful in the formulation of selective media 
for the isolation of pythiaceous fungi. Results of preliminary tests with these antibiotics are 
reported below. 


IN VITRO EVALUATIONS 


Neither nystatin? (2990 units/mg) nor pimaricin? (Na salt, 820 »g/mg) at 100 ppm in corn 
meal agar (Difco) inhibited growth or sporulation of Phytophthora cactorum, P. capsici, P. 
cinnamomi, P. citrophthora, or P. parasitica. Eighteen species (representing 13 genera) of 
mucors and imperfect fungi, all common soil fungi and often associated with root platings, 
were completely inhibited for 6 or more days by either of the antibiotics. 


ISOLATIONS FROM INFECTED ROOT PIECES 


Sodium pimaricin was the antibiotic of choice for root plating experiments because its rela- 
tively high water solubility facilitated routine preparation of the selective medium, Citrus fi- 
brous root pieces (about 1 cm in length) suspected of Phytophthora infection were pooled, sur- 
face sterilized for 1 to 1.5 minutes in 0.5% sodium hypochlorite (10% Clorox), rinsed three 
times in sterile distilled water, and randomly plated with equal numbers on corn meal agar 
medium (control) and on the same medium containing 100 ppm sodium pimaricin, 50 ppm sodi- 
um penicillin G (1650 units/mg), and 50 ppm polymyxin B sulfate (7760 units/mg). The latter 
two antibiotics were also noninhibitory against the Phytophthora spp. tested and served to sup- 
press bacterial contaminants. Details of the development of this selective medium have been 
reported elsewhere (1). ; 


Table 1, Recoveries of Phytophthora, Pythium, and other fungi from fibrous roots on 
selective antibiotic agar medium versus corn meal agar medium, 


: Number: 3 
Experiment: of root: Corn meal agar (control) : Corn meal agar + pimaricin® 
number : piecesb: Phytophthora : : : Phytophthora : 

per : para- : citroph- : Pythium:Other : para- : citroph- : Pythium:Other 
:medium:sitica : thora_ =: Spp. : fungi: sitica : thora spp. :fungi® 

1 75 0 0 21 73 2 3 17 0 

2 50 S - - 49 1l = = 0 

3 50 - - 38 50 ~ - 41 0 

om 50 0 - 33 50 sf - 37 0 

5 50 0 - 27 49 14 - 24 0 

6 50 0 - - 42 2 - 0 

7 50 1 0 13 47 1 1 25 0 

8 50 - l 5 50 - 21 8 0 


450 ppm penicillin and 50 ppm polymyxin added to suppress bacteria. 
bAll roots taken from soils naturally infested with Phytophthora spp., except in the 2nd and 8th 
experiments, from natural soils artificially infested with P. parasitica and P. citrophthora, re- 
spectively. 
CSpecies of Mucorales, Fusarium, Trichoderma, Penicillium, Gliocladium, Torula, Pyreno- 
chaeta, Alternaria, and so forth. 
TThe authors wish to express their appreciation to Dr. L. J. Klotz for samples of pimaricin and to Miss 
Karla B. Jones for technical assistance in evaluating specificity of the antibiotics. 
2Nystatin (mycostatin) generously supplied by Olin Mathieson Chemical Corp. 

Distributed by the Royal Netherlands Fermentation Ind. , Ltd., Delft, Holland. 
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In eight independent experiments, as shown in Table 1, recoveries of Phytophthora citroph- 
thora and P, parasitica were improved by the use of the antibiotics in the plating medium. 
Pythium species occurred with almost equal frequency on both control and antibiotic media. 
The most significant observation, however, was the almost complete absence of contaminating 
fungi in the pimaricin cultures, while at the same time there was no indication that the variety 
or frequency of Phytophthora or Pythium species recovered had been altered by the presence 
of the antibiotics. Pure culture isolation of Phytophthora or Pythium species was greatly fa- 
cilitated by the selective medium, 
Preliminary evaluations of the pimaricin-penicillin-polymyxin medium for isolation of Phy- 
tophthora cinnamomi from avocado roots and Phytophthora cryptogea from alfalfa roots have 
appeared promising*. 
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Na HALO SCAB--RESULT OF AN ASSOCIATION OF ELSINOE FAWCETTI 
AND BREVIPALPUS PHOENICIS DESTRUCTIVE TO SOUR-ORANGE SEEDLINGS! 


L. C. Knorr and Gino Malaguti? 


In a citrus nursery at Maracay, Estado Aragua, Venezuela, an appreciable amount of de- 
foliation and dying of plants was encountered recently in a planting of sour-orange seedlings. 
Forty % of the seedlings were variously afflicted, with symptoms ranging from a spotting of 
leaves to the death of plants. As in many sour-orange plantings, scab (caused by Elsinoé faw- 
cetti Bitanc. & Jenkins) was to be seen in the foliage of nearly every plant. By themselves, 
scab lesions cause neither defoliation nor death of plants. But when scab lesions were found 
surrounded by yellow halos, 2 to 5 mm in width (Fig. 1), plants bearing such leaves were dis- 
covered to be in various stages of defoliation leading ultimately to the death of plants. 


a 


FIGURE 1. Halo scab on leaves of sour orange. Scabs are the result of Elsinoé 
fawcetti, and halos the work of Brevipalpus phoenicis; together these organisms cause 
a shedding of leaves which results in the dying of affected plants. (Photograph courtesy 
of Facultad de Agronomia, Universidad Central de Venezuela. ) 


1Florida Agricultural Experiment Stations Journal Series, No. 1096. 
2Respectively, Plant Pathologist, Citrus Experiment Station, University of Florida, Lake Alfred, 
Florida; and Ingeniero Agronomo, Ministerio de Agricultura y Cria, Centro de Investigaciones 
Agronomicas, Maracay, Venezuela. 

The writers wish to acknowledge the financial assistance of the Fundacion Creole, Caracas, Vene- 
zuela, which organization made possible an interchange between members of the University of Flori- 
da and the Universidad Central de Venezuela. 


: 
~ “SS 


i- 


Vol. 44, No. 8--PLANT DISEASE REPORTER--Aug. 15, 1960 663 


Microscopic examination of leaves with haloed scabs showed them to differ from leaves without 
halo-enclosed scabs in that enormous numbers of Brevipalpus mites thronged within the chlo- 
rotic borders, whereas in leaves without halos, few to no mites were to be seen. At times, 
populations were so great as to give halos and associated scabs a pinkish cast. Apparently 
scabs served as anchorages where nymphs and adults derived a certain amount of protection 
and where females found it appropriate to lay their eggs. 

Brevipalpus mites, collected from affected plants in various parts of the block, were sent 
to Dr. Edward W. Baker, Smithsonian Institution, Washington, for identification. Examina- 
tion showed that all collections consisted of the false spider mite, Brevipalpus phoenicis (G.). 

Though B. phoenicis is ubiquitous -- having been found on many hosts in various parts of 
the world (4) -- little is known about its effect on citrus. In Florida fruits on unsprayed trees 
sometimes show very high populations (up to 1162 Brevipalpus mites have been counted on a 
single fruit), while adjacent leaves and twigs reveal but few straggling individuals. Under such 
circumstances fruits are usually russetted (although it remains uncertain whether B. phoenicis 
causes russetting), while leaves and twigs remain symptomless. Only rarely are cases en- 
countered in which the foliage is either sufficiently attractive or mites are sufficiently numer- 
ous to result in spotting of the leaves (2). When leaf spotting does occur it resembles closely 
that which is produced under experimental conditions when large numbers of B. phoenicis are 
caged on young sweet-orange seedlings. Except for the absence of scab lesions, the spots and 
consequent leaf drop that develop in caged cultures resemble those found in the halo-affected 
foliage of the above-mentioned sour-orange seedlings. id 

Unchecked, various species of Brevipalpus mites on citrus may develop prodigious powers 
for destruction. A striking example is the devastation wrought in certain areas of Argentina 
and Paraguay where B. obovatus Donn., the cause of lepra explosiva, has put an end to the 
growing of citrus. Another species, B. californicus (Banks), produced great consternation and 
the passing of quarantine laws in Florida during the first three decades of the 20th Century; at 
the time, the troubles in question, namely nailhead rust and Florida scaly bark, were believed 
to be caused by the fungus Cladosporium herbarum var. citricolum (2). 

Destructive as Brevipalpus mites may at times become, they are remarkably simple to 
control. A single application of wettable sulfur, 5 to 10 pounds in 100 gallons of water, will 
virtually eradicate the various members of this genus (1, 3, 5). 
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BOTRYTIS CINEREA AND SCLEROTINIA SCLEROTIORUM 
IN SEED OF SAFFLOWER AND SUNFLOWER}? 


W. E. Sackston2 
Abstract 


Botrytis cinerea Fr. and Sclerotinia sclerotiorum (Lib,) d By. were isolated 
from surface-sterilized seeds of safflower (Carthamus tinctorius) and sunflower (Heli- 
anthus annus) produced at various locations in Canada in different years. Botrytis has 
not previously been reported as an internally-borne pathogen of sunflower seed, nor 
Sclerotinia from safflower seed. 

As both fungi cause head rots of safflower and sunflower, the seeds probably are 
infected by the spread of mycelium from diseased tissues of the capitulum. Dissemi- 
nation of the pathogens by seed may be reduced by sowing only seed from fields free 
of head rot, and by treating the seed with appropriate organic mercury compounds. 


INTRODUCTION 


Botrytis cinerea Fr. is an ubiquitous fungus which, although not an aggressive pathogen, 
attacks many species of plants under favorable conditions. It has been isolated from seeds of 
many crop plants, but Noble et al. (7) do not record it on seeds of safflower (Carthamus tinc- 
torius) or sunflower (Helianthus annuus) in their recent extensive list. 

Sclerotinia sclerotiorum (Lib.) d By. is an aggressive pathogen on many plant species 
throughout the world. It has been reported on the seeds of various crop plants, in almost all 
cases as sclerotia mixed with the seed (7). 

Studies at Winnipeg have shown that both B. cinerea and S, sclerotiorum occur in seed of 
safflower and sunflower. The results of those studies are presented in this paper. 


MATERIALS AND METHODS 


Safflower seeds studied included samples produced at Lethbridge, Alberta, in 1951, 1952, 
1953, and 1954; at Foremost, Alberta, in 1952; at Winnipeg, Manitoba, in 1952 and 1954; and 
at Ottawa, Ontario, in 1953, 

Viability of the seeds and incidence of seed-borne organisms were determined by surface- 
sterilizing seeds in 2% hypochlorite solution and plating them on potato-sucrose agar in Petri 
dishes. Some samples were also plated without surface sterilization, and after treatment with 
ethyl mercury p-toluene sulfonanilide (Ceresan M) or zinc ethylene bisdithiocarbamate (zineb), 
materials used by Thomas (12) to control seed-borne pathogens of safflower. In other tests 
untreated and treated seeds were sown in soil in the greenhouse, and their percentage emer- 
gence was determined. 

Observations were made on sunflower seeds in a study on the effects of chemical treat- 
ments and storage for long periods (10), and on occasional samples referred for examination 
from various sources, 

The chemicals used at various times for seed treatment included: Phenyl mercury ace- 
tate and ethyl mercury chloride (Agrox C), tetramethyl thiuram disulfide (thiram-50%), ethyl 
mercury p-toluene sulfonanilide (Ceresan M), phenyl mercury urea (Leytosan), ethyl mercury 
thioruea derivative (Lunasan), lindane with phenyl mercury acetate and ethyl mercury chloride 
(Mergamma C), zinc ethylene bisdithiocarbamate (zineb), and dichloronaphthoquinone 
(dichlone). 


RESULTS 


Safflower seeds produced at several locations in different years varied greatly in percent- 
age germination and in the number and kind of seed-borne microflora. Differences between 
varieties were also striking. The results of some of the platings are presented in Table 1. 

The high incidence of Botrytis and Sclerotinia in seed grown at Lethbridge in 1952 is 
particularly interesting, as both organisms are known to cause head rot of safflower in Canada 


1Contribution No, 60 from Canada Department of Agriculture Research Station, Winnipeg, 
Manitoba. 
2Head, Plant Pathology Laboratory. 


Vol, 44, No, 8--PLANT DISEASE REPORTER--Aug. 15, 1960 665 


Table 1. Germination and microflora of safflower seed surface-sterilized and plated on agar. 


Seed source : % germi- : % clean : % : %miscel- : % Bo-: % Scler- 

Year : Location : Variety: nation : seed : bacteria:laneous fungi®: trytis : otinia 
1951 Lethbridge N-6 79 92 2 4 0 0 
1952 Foremost N-8 22 42 36 16 1 1 
1952 Lethbridge N-3 2 0 66 72 6 26> 
N-6 0 0 8 6 38 34 

N-8 36 40 6 40 0 20 

N-6xN-8 0 0 60 56 18 10 

N-10 * 0 10 24 32 74 

N-852 14 0 0 4a 14 56 

Indian 72 22 28 42 0 28 

1952 Winnipeg N-6 10 41 ll 52 l 0 
N-8 6 13 72 26 0 0 

N-9 1 27 40 40 1 0 

N-10 12 23 36 47 0 0 

N-852 6 35 17 48 0 0 

CVO-308 3 19 29 63 1 0 

CVO-852 1l 27 20 56 0 0 

Indian 9 28 49 28 0 0 

1953 Lethbridge N-3 94 92 0 6 2 2 
Dry-land N-6 70 72 0 20 2 0 

plots 

N-8 94 92 0 8 2 2 

N-10 76 30 0 56 6 0 

N-520 80 68 2 20 4 2 

N-852 92 42 0 48 2 0 

Indian 89 90 0 10 0 0 

Irrigated N-6 42 76 8 22 6 2 

plots 

N-8 18 50 12 10 6 1 

N-520 58 82 6 12 6 l 

Indian 26 62 0 2 4 0 

1953 Ottawa N-852 18 1 3 99 0 i) 
1954 Lethbridge N-6xN-8 ll 14 19 64 6 1 
dry land N-8 15 12 41 44 7 0 

N-10 9 1 -- 75 14 0 

N-852 52 0 -- 74 26 3 

Wwo-14 14 2 23 77 14 0 

2377 10 4 -- 90 15 0 

3614 21 13 32 56 8 0 

4035 17 10 25 69 6 0 

Indian 5 l 40 90 19 1 

1954 Winnipeg N-852 1 0 46 97 1 0 
WoO-14 3 0 69 88 0 0 

RL-1013 2 0 76 74 0 0 

RL-1014 22 0 54 83 0 0 

CD-5708 2 0 63 100 0 0 

CD-5766 1 0 9 100 0 0 

Sask.-5269 25 0 62 90 0 0 

Indian 24 0 56 94 0 0 


4Miscellaneous fungi include species of: Alternaria, Aspergillus, Cladosporium, Epicoccum, 
Fusarium, Helminthosporium, Penicillium, Rhizopus, Trichoderma, and unidentified colonies. 
©The very high incidence of Sclerotinia in some seed lots produced at Lethbridge in 1952 was 
due to difficulty in distinguishing individual colonies of the fungus in some plates in which 
many seeds were overrun, 
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FIGURE 1. 
Sclerotinia sclero- 
tiorum growing 
from a sclerotium 
and from clean 
seeds taken from 
a safflower head 
with Sclerotinia 
head rot, 


FIGURE 2. 
Botrytis cinerea 
growing from saf- 
flower seeds; 
profusely sporu- 
lating colonies and 
some sclerotial 
colonies in plate on 
left, largely scler- 
otial colonies in 
plate on right. 


(2, 3, 4, 8, 13), as well as in other countries (1), Vanterpool (13) isolated B. cinerea from 
three partially developed seeds from a safflower head infected by S. sclerotiorum in Saskatche- 
wan. Pure cultures of S. sclerotiorum were‘isolated from apparently healthy seeds taken from 
safflower heads affected by Sclerotinia head rot in Manitoba (Fig. 1). 

Some colonies of Botrytis on the Lethbridge safflower seeds sporulated profusely; others 
formed numerous irregular sclerotia, but produced few spores (Fig. 2). Cultures of both types 
submitted to Dr. J. Walton Groves at Ottawa were assigned to B. cinerea. 

Seeds of the variety N-6, produced at Lethbridge in 1952, were surface-sterilized in 
hypochlorite solution for various intervals and plated. Sterilization for:5 minutes did not ap- 
preciably reduce the incidence of B. cinerea or of Alternaria tenuis Nees, which was present 
on most seeds. Both fungi must penetrate relatively deeply into the tissues of infected seeds to 
survive such severe surface sterilization. 

Seeds of each of the seven varieties grown at Lethbridge in 1952 were treated with Ceresan 
M and Zineb respectively, and plated on agar. Treatment with zineb gave results comparable 
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to light surface sterilization with hypochlorite solution; it was not nearly so effective as Cere- 
san, which gave almost complete control of Botrytis, Sclerotinia, and miscellaneous fungi. 

Seeds of N-8 and N-852 grown at Lethbridge in 1952 were sown in soil in the greenhouse at 
Winnipeg without treatment, and after treatment with Ceresan M and zineb respectively. The 
germination of untreated seed of N-8 was 20%, and of N-852 was 9%. Seed of the two varieties 
treated with Ceresan germinated 53% and 26% respectively. Treatment with zineb was less ef- 
fective. Much less striking results were obtained with Ceresan treatment of seed produced at 
Lethbridge in 1954. Average emergence of untreated seed of nine varieties was 21%, of 
Ceresan-treated seed was 24%, Ceresan treatment of seed of eight varieties produced at Win- 
nipeg in 1952 depressed emergence from an average of 38% to 18% for the treated seed. 

Sunflower seeds plated on agar at Winnipeg have occasionally yielded B. cinerea. Most 
of the isolations were made from seeds grown in Manitoba in the period 1951 to 1959, but 
Botrytis was also isolated from three samples produced in Alberta in 1959. Some of the sun- 
flower seeds which yielded Botrytis colonies had been treated with thiram-50%, Agrox C, 
dichlone, or hydroxymercurichlorophenol 3, 2%, hydroxymercurinitrophenol 12% (Semesan Bel) 
(10). Some of the samples surface-sterilized with hypochlorite solution and plated yielded 
Botrytis from a trace to 5% of the seeds. Both sporulating and sclerotial type colonies were 
produced. 

In one sample of sunflower seeds plated without surface sterilization more than 30% of the 
seeds gave rise to Botrytis. When unsterilized seeds of the same lot were dehulled before plat- 
ing, about 10% of the kernels yielded Botrytis colonies. Dissection of infested seeds indicated 
that the Botrytis was confined almost entirely to the hull and the testa. 

Seed-borne Botrytis caused a seedling blight of sunflowers grown from seed which had been 
treated with Agrox C, thiram-50%, Leytosan, Lunasan, or Mergamma C (10). Although the 
number of seedlings affected was small, the occurrence was interesting because Botrytis had 
not been reported previously as a seed-borne pathogen of sunflowers. 

S. sclerotiorum mycelium was found adhering to sunflower seeds by Mujica (6) in Chile. 
Young and Morris (14) in the United States and Lobik (5) in the U.S.S,R. found sclerotia of S. 
sclerotiorum on and in sunflower seeds. Sunflower seeds taken from heads rotted by Sclero- 
tinia have frequently given rise to S. sclerotiorum on agar at Winnipeg. However, S. sclero- 
tiorum has been isolated at Winnipeg from samples of apparently healthy sunflower seeds only 
four times in 9 years, in each case from only one or two seeds in the sample. 


DISCUSSION. 


Sunflower growing was confined almost entirely to southern Manitoba until 1958, when com- 
mercial production started in southern Alberta. Safflowers were grown in Western Canada on 
an experimental basis until contract growing began in southern Alberta in 1957. Head rots in- 
duced by B, cinerea and S, sclerotiorum, although present in most years, have caused very lit- 
tle loss in sunflowers in Manitoba (9), and have been of only academic interest on safflowers. 
The situation may change radically with large scale production of both crops in southern Alberta, 
particularly if they are grown under irrigation. If head rot caused by Botrytis or Sclerotinia 
should become an important disease of either sunflower or safflower in Alberta, incidence of 
the pathogens in seed of these crops could be expected to increase greatly. 

The germination of safflower seedis erratic andhardtopredict. It appears to be influenced 
adversely by dull, cool weather at flowering time and later. These conditions also favor the 
development of head rots caused by Botrytis and Sclerotinia. Seed germination may be poor 
even in the absence of these pathogens, as shown in the results reported here. Seeds of both 
safflower and sunflower infected by Botrytis may germinate reasonably well. The resulting 
seedlings are usually killed rapidly, however, if they are produced in Petri dishes or in soil 
maintained at high moisture levels. If the moisture is restricted the seedlings may produce 
healthy plants, as observed for safflower by Savile (11). Seeds attacked by Sclerotinia are 
usually killed. Whether alive or dead, infected seeds may serve as foci of infection for Botry- 
tis seedling blight, or to introduce Sclerotinia into soil previously free of infestation, 

Seed infection by Sclerotinia appears to be relatively rare except in samples taken from 
diseased heads, Dissemination of Sclerotinia by seed of safflower and sunflower may therefore 
be reduced by sowing only seed known to come from fields free of head rot. It may prove nec- 
essary in Alberta to grow crops for seed purposes in dry land areas without irrigation. Asa 
further precaution, seed should be treated before sowing with an organic mercury fungicide; 
although such treatment may not give complete control of seed-borne Botrytis and Sclerotinia, 
it will minimize their spread. 


a . 
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EPIDEMIC LEAF-BLIGHTING OF CALIFORNIA-LAUREL 


J. R. Parmeter, Jr.!, R. V. Bega®, and J. R. Hood3 


Summary 


Extensive blighting of the leaves of California-laurel, Umbellularia californica, 
occurred during the winter of 1957-58 in the central coastal region of California. 
Pseudomonas lauracearum, Kabatiella phoradendri f. umbellulariae, and Colletotri- 
chum gloeosporioides were associated with the blight. Subsequent branch dieback 
associated with Botryosphaeria sp. developed during the following summer. Inocula- 
tion experiments demonstrated the pathogenicity of C. gloeosporioides on California- 
laurel. Examination of weather records suggested that the sudden epidemic was a 
result of the unusually heavy precipitation during the winters of 1955-56 and 1957-58. 


California-laurel, Umbellularia californica, is an important tree species in the coastal 
mountains of California. In addition to its esthetic value in native stands, it is used widely in 
home and park landscaping. During the winter of 1957-58, laurels throughout the central coastal 
region of California were affected with severe leaf blighting. Since such epidemic damage to 
laurel had not previously been reported, investigation of the cause was undertaken. 


SYMPTOMS 


Affected leaves showed few to many angular, black spots (Fig. 1) resembling those asso- 
ciated with Pseudomonas lauracearum Harvey (2). In addition most leaves showed irregular, 
brown, necrotic areas involving varying amounts of the leaf area (Fig. 2). 

The severity of blighting on individual trees was variable. At lower elevations severe 
leaf-blight was restricted to the lower portion of the crown. At higher elevations the entire 
crown of most trees was severely damaged, giving the trees a uniform, brown or scorched 
appearance. The trees remained alive, however, and new shoots were produced in the spring. 
The amount of new foliage depended on the severity of the blighting. Trees that were heavily 
damaged produced sparse foliage, and numerous dead twigs were evident. Lightly affected 
trees produced a normal crop of leaves. 

On many trees a portion of the new leaves turned black and the tips of new shoots died. 
Damage was not great, since only a few shoots on any one tree were so affected. During the 
summer of 1958, additional dieback involving branches as large as 1 inch in diameter devel- 
oped. These dead branches were scattered through the crown of many trees, the yellow leaves 
standing out in marked contrast to the green crown. 


CAUSAL ORGANISMS 


Diseased leaves incubated in moist chambers yielded three pathogens. P. lauracearum 
was isolated from bacterial ooze exuded from the black, angular spots. Kabatiella phoradendri 
(Darling) Harvey f. umbellulariae Harvey and Colletotrichum gloeosporioides Penz. were iso- 
lated from acervuli produced on the brown, necrotic areas. C. gloeosporioides was prevalent 
on all such lesions. K. phoradendri was isolated less frequently. C. gloeosporioides was also 
the only organism consistently associated with the black leaf and twig dieback of new shoots. 

When sections of branches showing dieback during the summer were incubated in moist 
chambers, numerous perithecia of Botryosphaeria were produced along with pycnidia of Dothi- 
orella and Botryodiplodia imperfect stages. The occurrence of both imperfect types suggested 
that two forms of Botryosphaeria were associated with the dieback. No attempt was made to 
determine species. 


1 Assistant Professor of Plant Pathology, Department of Plant Pathology, University of California, 
Berkeley, California. 

2Plant Pathologist, Division of Forest Disease Research, Pacific Southwest Forest and Range Ex- 
periment Station, United States Department of Agriculture, Berkeley, California. 

3Laboratory Technician Il, Department of Plant Pathology, University of California, Berkeley, 
California. 
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FIGURE 1. Leaves of California-laurel showing angular, black lesions associated 
with Pseudomonas lauracearum, 


FIGURE 2. Irregular brown, necrotic spots associated with Colletotrichum 
gloeosporioides and Kabatiella phoradendri f, umbellulariae, 


FIGURE 3. Wounded laurel leaves inoculated with Colletotrichum gloeosporioides. 
The leaves on the right are young, current season's leaves showing lesions caused by 
C. gloeosporioides. The leaves on the left are year-old leaves showing no lesions, 


INOCULATIONS 


The pathogenicity of P. lauracearum and K. phoradendri f. umbellulariae has been estab- 
lished by Harvey (1,2). The only known report of C. gloeosporioides on.U. californica is that 
of Hennings in 1898 (3). He found the fungus fruiting on blighted shoots of laurel growing in a 
greenhouse in Germany and described it as a new species, Fusarium allescherianum. This 
name has since been reduced to synonymy with C. gloeosporioides (4). Henning's original de- 
scription was not accompanied by experimental evidence of pathogenicity. Therefore, inocula- 
tions were made with potted laurel seedlings to test pathogenicity. The seedlings were sprayed 
with a conidial suspension prepared from single-spore cultures grown on PDA. The seedlings 
were then placed in a mist chamber for 1 week and transferred to greenhouse benches. Young 
leaves that were not fully expanded were blackened and killed within 2 weeks. Young leaves 
that were fully expanded and year-old leaves were unaffected. Control seedlings sprayed with 
sterile water remained healthy. The fungus was readily re-isolated from diseased leaves. 

Further tests were made to determine whether the fungus could invade older leaves through 
wounds. A second series of seedlings was inoculated as above, except that some of the leaves 
on each seedling were punctured in several places with a sterilized needle. Lesions developed 
around punctures on young, fully-expanded leaves but not on year-old leaves (Fig. 3). No le- 
sions developed on large, unwounded leaves, but again the young leaves that were not fully ex- 
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panded were blackened and killed. Control seedlings remained healthy. These observations 
suggest that C. gloeosporioides was able to penetrate small, immature leaves directly, but that 
as the leaves approached maturity they became resistant to direct penetration. With maturity 


the leaves apparently became resistant to infection by either direct penetration or by wound in- 
invasion. 


OBSERVATIONS ON EPIDEMIOLOGY 


Blighting of laurel leaves was first called to the attention of the authors in March 1958. At 
that time the damage was extensive, indicating that the bulk of the infections had occurred dur- 
ing the winter. In order to record the seasonal development of the disease on the 1958 foliage, 
new shoots on 60 branches were tagged in the fall of 1958. On45 shoots, the leaves were healthy. 
On the remaining 15 shoots, one or more leaves showed bacterial lesions. These shoots were 
examined periodically through July 1959. Only six leaves from the 45 healthy shoots developed 
bacterial lesions, despite the abundance of older, infected leaves surrounding these shoots. No 
increase in the number or size of lesions was found on the 15 shoots with infected leaves. Sub- 
sequent examination of these tagged shoots and of surrounding trees in April 1960 showed that 
no new infections had developed during the winter of 1959-60. Trees that were entirely brown 
in April 1958 had recovered by April 1960. The blighted leaves had been shed and bacterial 
lesions were found on a few leaves only after intensive searching. No evidence of fungus infec- 
tion could be found. These observations, coupled with the absence of past records of severe 
leaf blighting, indicate that such extensive damage to laurelsis rare. A search of weather rec- 
ords was made to determine the conditions associated with the sudden, epidemic infection. 

Weather records (from Climatological Data, California) for two stations, Muir Woods and 
Berkeley, were examined. The average precipitation during the months of October through 
April is 35.73 inches at Muir Woods and 23.68 inches at Berkeley. Obvious deviations from 
these averages occurred during the winters of 1955-56 and 1957-58. The Muir Woods station 
recorded 55.07 inches and 51.72 inches respectively, and the Berkeley station recorded 30.02 
inches and 35.52 inches respectively during these two winters. These readings are among the 
highest ever recorded at these stations. The occurrence of two such winters of extreme pre- 
cipitation within a 3-year period suggested an explanation for the epidemic. 


DISCUSSION 


The pathogens involved in the described leaf-blight complex occur at very low, endemic 
levels. Since no extensive damage was reported following the exceptionally wet winter of 1955- 
56, it appears likely that one such winter is insufficient to induce damaginginfection. A marked 
rise in the level of inoculum undoubtedly occurred, however. Since California-laurel holds its 
leaves for several years, a high level of inoculum was likely present when the second winter of 
heavy rainfall occurred in 1957-58, with the result that epidemic leaf-blighting occurred. 

The association of the epidemic with the occurrence of two winters of unusually heavy rain- 
fall suggests that similarly severe leaf blighting might be expected when two such winters oc- 
cur within a 3-year period. The recovery of affected trees indicates that no permanent dam- 
age from such an epidemic is likely. 
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ye CONTROL OF STRIPE SMUT ON POA PRATENSIS WITH NABAM 
R. J. Lukens and E, M. Stoddard 


Stripe smut, caused by Ustilago striiformis (West.) Niessl, can be controlled on Kentucky 
bluegrass (Poa pratensis) by soil drenches of disodium ethylene bisdithiocarbamate (nabam). 
On separate plots a 1:400 dilution of a 22% nabam formulation and a 1:2000 dilution of oxyquin- 
oline sulfate were applied to the soil at 1 pint per square foot. Some plots were treated only in 
October 1959, some only in May 1960, and some were treated on both dates, Three weeks 
after the spring application, incidence of stripe smut disease was recorded by counting the 
number of 4-inch squares having disease in 4 x 6-foot plots (Table 1). Oxyquinoline sulfate had 
little influence on stripe smut, but a drench of nabam reduced the incidence of disease. Fall 
application of nabam was as effective as spring application. 


Table 1. Incidence of stripe smut on Kentucky bluegrass on plots treated 
with drenches of nabam and oxyquinoline sulfate. 


Number of 4-inch squares 


Treatment : Time of application : having disease in 
: : 4 x 6-foot plots 
Control 24 
Nabam October and May 5 
October 0 
May 
Oxyquinoline October and May 21 
sulfate October 18 
May 16 


At another site, Kentucky bluegrass growing in shade and Merion bluegrass growing in open 
sunlight were uniformly severely infected with Ustilago striiformis. Part of each turf was 
drenched with a solution of nabam (1:600 dilution of 22% nabam, 1 pint per square foot). In 2 
weeks, infected plants in treated areas had a high percentage of healthy growing tips, while in- 
fected plants in untreated areas had smutted growing tips. These data and observations suggest 
nabam as a possible control for stripe smut on Poa pratensis. 

DEPARTMENT OF PLANT PATHOLOGY AND BOTANY, THE CONNECTICUT AGRICULTURAL 
EXPERIMENT STATION, NEW HAVEN 


— CACAO CANKER IN GUATEMALA INCITED BY CERATOCYSTIS FIMBRIATA 


~~ Eugenio Schieber and Oscar Nery Sosa 


Branch and stem canker of cacao (Theobroma cacao) incited by Ceratocystis fimbriata Ell, 
& Halst, (Ceratostomella fimbriata) is reported for the first time in Guatemala. The disease is 
also known as "mal de machete" in certain countries in South America. First reported from 
Ecuador in 1918, the disease was later reported from Venezuela, Columbia, Trinidad, Mexico 
and Costa Rica. 

The disease was found affecting Guatemalan clone selections in an experimental plantation 
located in the Depto. of Retalhuleu in the southern coast of Guatemala. 

The affected young trees showed typical symptoms, starting with wilting and yellowing of 
the leaves, Later the upper leaves turn brown and remain on the branches when dead, Dark 
brown cankers are visible on branches and stems. After the bark is removed a typical brown 
to reddish color of the affected wood is observed. Young trees are killed when trunk cankers 
completely girdle them. 

Isolation of the fungus is complicated by a secondary fungus (Diplodia theobromae) some- 
times present in the cankers. No insect relation to disease development was found as reported 
from Columbia. 

The pathogen is disseminated through use of the "machete," the common knife used for 
weeding and pruning. Care in weeding, together with other cultural practices, will help to con- 
trol this disease. The cacao program in Guatemala is considering the selection of resistant 
clones for control. 

INSTITUTO AGROPECUARIO NACIONAL, GUATEMALA, GUATEMALA C, A. 
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we NEW PINE HOSTS FOR SOUTHERN FUSIFORM RUST 
F. F. Jewell! 


Examination of exotic pines in the arboretum of the Southern Institute of Forest Genetics 
has additional hosts of the southern fusiform rust, Cronartium fusiforme Hedgc. & 
Hunt*. 

The trees are 2 to 6 years of age and have been subjected to natural rust infection only. 
Swollen branch or stem areas considered macroscopically characteristic of C. fusiforme in- 
fection were hand-sectioned, stained?, and examined microscopically for the typical hyphae and 
haustoria of this fungus. 

C. fusiforme galls were confirmed on the following previously unlisted pine hosts: Pinus 
nigra Arnold, P. cooperi var. ornelasi Martinez, P. pseudostrobus Lindl,, and P, torreyana 
Parry*. Caribbean pine (correctly known as P. caribaea Morelet) and south Florida slash pine 
(P. elliottii var. densa Little & Dorman) were also confirmed as hosts of this rust; previous 
reports on P. caribaea probably referred to United States slash pine, now correctly known as 
P. elliottii Engelm. var. elliottii. 

SOUTHERN FOREST EXPERIMENT STATION, FOREST SERVICE, UNITED STATES DEPART- 
MENT OF AGRICULTURE 
TSouthern Institute of Forest Genetics, Southern Forest Experiment Station, Forest Service, United 
gtates Department of Agriculture. Gulfport, Mississippi. 

Previously known hosts were listed by: Hedgcock, G. G., andP. V. Siggers. 1949, Acompari- 
son of the pine-oak rusts. U.S. Dept. Agr. Tech. Bull. 978, 30 pp. 
3 Jewell, F, F. 1958, Stain technique for rapid diagnosis of rust in southern pines. Forest Sci. 4: 
42-44, 
4The P. torreyana specimen was supplied by Dr. Charles Hodges, Southeastern Forest Experiment 
Station, 


BOOK REVIEW 


"VEGETABLE DISEASES AND THEIR CONTROL, " by Charles Chupp and Arden F, Sherf. 
The Ronald Press Company, New York. v + 693 pages, 1960, Price $12. 

Here is a book for commercial vegetable growers, and for backyard gardeners who really 
care. Teachers and advanced students of plant pathology also will find it useful. 

Authors Chupp and Sherf, both Cornell University plant pathologists, have not only drawn 
on their own knowledge and experience but have painstakingly searched the literature on vege- 
table diseases to make this book complete, accurate, and practical. 

Commercial vegetable farmers will like the way the book is organized. General prob- 
lems --- seed rot, mineral deficiency diseases, and nematodes --- are given separate chapters. 
More specific diseases are discussed in chapters related to the crop they attack; sweet corn 
and cucurbit diseases are examples. In all, 16 chapters are devoted to the diseases of about 
40 major vegetables; another chapter takes up the diseases of tropical and little-grown vege- 
tables such as yam, cassava, and chayote. 

The authors follow a pattern in reporting on each vegetable disease, first discussing the 
distribution and occurrence of the disease, then disease symptoms in their various stages, and 
finally control recommendations. A list of references following each disease discussion is a 
feature that should be particularly appealing to teachers and students of vegetable diseases, 

Some 170 photographs and drawings are used to illustrate this nearly 700-page book, One 
can believe the authors made as intensive a search for pictures as they did of the scientific 
literature. Nevertheless, if there is a single weakness, it is the lack of symptom illustrations. 

The stature of the authors recommends the book. Charles Chupp, professor emeritus at 
Cornell, has specialized in vegetable diseases for more than 40 years and is recognized as a 
world authority on the subject. Before coming to Cornell as Dr. Chupp's successor in 1954, 
Arden F, Sherf had taught plant pathology and served as extension plant pathologist at the 
Universities of Nebraska and Iowa State. Vegetable diseases constitute his specialty. -- 
PAUL R. MILLER 
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